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USSR UDC 539.4 


RELATIONSHIP BETWEEN THE RELIEF OF THE FRACTURE FORMED IN GROWTH OF A FATIGUE 
CRACK IN ALUMINUM ALLOYS AND THE FRACTURE MECHANISM 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, 1979 pp 5-10 manuscript received 
27 Jan 78 


IVANOVA, V. S. and SHANYAVSKIY, A. A., Institute of Metallurgy imeni A. A. 
Baykov, Academy of Sciences USSR, Moscow 


[Abstract] A characteristic morphological trait of fatigue failure in the 
majority of aluminum alioys is a striated relief. The spacing of striations 
varies in keeping with the number of loading cycles and is described by an 
exponential relationship between the rate of crack growth and the scale of the 
stress intensity factor, 2K. irect comparison of the rate of growth of fa- 
tigue cracks with the spacing of striations, 6, has shown that for certain 
alloys these values do not agree, and also that for the same alloy the number 
of striations in relation to the number of loading cycles can vary over a 

wide range, and in a number of cases there is no agreement at all. In this 
study the relationship is established between the relief of the fracture 
formed in the growth of a fatigue crack and the mechanism of fracture of 
aluminum alloys. A study is made of regularities in the formation of the 
relief of a fracture at various stages in fatigue failure along the entire 
front of the spreading crack and an analysis is made of the relationship be- 
tween the spacing of striations and the rate of growth of fatigue cracks. 
Studies were made of samples of alloys DIT and AVT with a rectangular cross 
section, cut out of aircraft propeller blades so that cracks would be spread 
in the testing process perpendicular to the forging line, just as in the part. 
The samples had measurements of 10 x 10 x 20 mm with a notch 2 mm deep, with 
the radius at its apex of 9.5 mm for alloy DIT and 0.2 mm for alloy AVT. 
Samples were tested while bending at three points in a single plane with a 
close to push-pull loading cycle of 800 cycles/min at three stress levels. 

The advance of the crack was followed by recording the number of cycles dur- 
ing which a crack on the side surface of a sample was extended 1 mm. Frac- 
tures were analyzed with a UEMV-lLOOK transmission electron microscope and 

with a CWIK-100 scanning electron microscope. Four types of relief were 

found to be typical for failure originating in cyclic loading. The initial 
stage of crack growth is characterized by a pseudo-st~iated relief. The 

stage of stable crack growth under conditions of microplastic opening of the 
crack is characterized by a striated relief. The stage of accelerated crack 
growth is characterized by a hybrid pitted and striated relief, and the stage 
of complete fracture of the sample is characterized by a pitted relief. 

These stages correspond to three different mechanisms of crack growth, whereby 
the morphology of the relief of the fracture is related to a definite disloca- 
tion structure. Rules are established for the appearance of various stages 

in fatigue failure. The shift in the mechanism of crack growth is related 

to the reaching of threshold values of the scale of the stress intensity 











factor controlling the beginning and end of the crack growth boundary. The 
relationship between the fractographic sign of fatigue failure in the form of 
the spacing of striations and the force applied in loading the sample is es- 
tablished within a definite range of values of the stress intensity factor, 
SK,, whereby the boundaries of this range are characterized by threshold val- 


ues of axs-1 and Akt, which correspond to the transition of crack spreading 


from stage one to stage two and from stage two to stage four, where 4 is the 
material's fracture constant, which equals 0.22 for aluminum alloys. This 
constant determines the maximum range of variation of the stress intensity 
factor with which the rule is observed of the formation of a single striation 
in a single loading cycle and with which the process of fracture is controlled 
by the magnitude of AKy. Discrepancies encountered earlier between the mean 
rate of crack growth, 42/AN, and the spacing striations, 6, in aluminum al- 
loys are found to be the result of the lack of agreement of conditions for 

the stressed state on the side surface of a sample where the rate of crack 
growth is measured, and at the center of the sample, where the striation spac- 
ing value is measured. These magnitudes can be compared only under conditions 
of plane deformation, i.e., by measuring 42/AN and 6 at the center of the 


sample and observing the following condition: oo, At/AN = &. In measuring 
AN 
the spacing of striations for the purpose of determining the period of stable 


crack growth, all measurements must be made at the center of the sample or 
part from the focus of the fracture in the direction of spreading of the crack 
to its maximum depth. In this direction the crack will always be propagated 
under conditions of plane deformation. Figures 5; references 13: 7 Russian, 
6 Western. 


USSR UDC 548.55:669.71'721 
GROWING MONOCRYSTALS OF Mg-Al ALLOYS 


Moscow IAN SSSR. METALLY in Russian No 4, Jul/Aug 1979 pp 63-64 manuscript 
received 21] Apr 78 


TRUTNEVA, L. P., ISAYEV, N. I. and SAPRONOV, D. R., Voronezh and Moscow 


(Abstract! Planar monocrystalline specimens of Mg-Al alloy, which can be 
conveniently clamped in tensile testing machines and require no further pro- 
cessing, have been grown for the first time. Two different industrial al- 
loys, MA?-1 and MA2-2, containing 4.2 and 2.1% Al, 0.88 and 0.85% Zn, and 
9.32 and 0.04% Mn, respectively, as well as 0.005% Fe, were used. The 1.5- 
ma-thick specimens of polycrystalline sheet metal were melted in graphite 
crucibles. The growing of the monocrystals was accomplished in a specially 
lesigned experimental setup that included a quartz tube within which the 

















graphite crucible with the specimens was placed. Following 1l-hr heating in 
the crucible under controlled temperatures and furnmace-moving rates, the 
growing of the crystals was achieved in a purified-argon atmosphere. Figures 
3; references 5: ? Russian, 3 Western. 

[175-1386] 


USSR UDC 621.9.047 


ANODIC DISSOLUTION OF ALUMINUM ALLOYS IN SODIUM CHLORATE SOLUTIONS AT HIGH 
CURRENT DENSITIES 


Kishinev ELEKTRONNAYA OBRABOTKA MATERIALOV in Russian No 3, May/Jun 79 pp 
22-25 


NECHAYEV, A. V., ROSSINA, N. G. and LEVIN, A. I., Sverdlovsk 


[Abstract] The A995, AMts, AMgl, AMg3 and AMg6 alloys were used in a study 
of the anodic dissolution of aluminum alloys in sodium chlorate solutions as 
well as the application of this process in electrochemical dimensional treat- 
ment (ECDT). ‘As would be expected, a flat film forms on the alloys when they 
are subjected io the chlorate solutions. This film, salt or oxide, does not 
prevent further dissolution since it appears that there is transportation of 
metallic ions from the anode surface, probably by means of migration of ions 
through the film. Anodic dissolution turns out to be an effective method for 
the ECDT process. A very high quality surface can be obtained with a minimum 
of defects. By using a mixture of sodium chlorate and nitrate and ammonia, 
the working voltage during FCDT can be lower. Figures 4; references 14: 11 
Russian, 3 Western. 

[167-6368 | 
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USSR UDC 669.725 
INVESTIGATION OF DESTRUCTION OF SINGLE-CRYSTAL BERYLILIUM 


Kiev PROBLEMY PRCCHNOSTI in Russian No 7, Jul 79 pp 86-91 manuscript received 
27 Jan 78 


PAPIROV, I. I., STOYEV, P. I. and TIKHINSKIY, G. F., Kharkov 


[Abstract] The destruction of beryllium single crystals was studied over a 
wide temperature range in two principal cleavage planes: (0001) and (1120). 
Notches in these directions were made by the electrospark method. The tests 
were done at a constant rate of 0.2 mm/min at temperatures of 77-673°K. Cal- 
culation of the effective energy of destruction yef shows that the value 

aloug principal cleavage planes (0001) and (1010) is considerably higher than 
the specific surface energy of the corresponding planes. The value of Y¢b001) 


incieises with rising temperature, the rise being particularly abrupt at tem- 


peratur: » near 300°K. The temperature dependence of YE5170) has a maximum in 


the vicinity of 300-400°K. The behavior of the curves for energy of destruc- 
tion as a function of temperature can be attributed to the peculiarities of 
deformation in the plastic region. An investigation of the nature of destruc- 
tion along planes (0001) and (1120) shows that the macroroughness of plane 
(000L) is minimum in the temperature region of 300-400°K. It was found from 

a comparison with data for polycrystal beryllium that the energy of destruc- 
tion is an order of magnitude higher for polycrystal beryllium than Y€5001)° 
Figures 5; references 13: 5 Russian, ® Western. 

1172-6610] 











USSR UDC 621.785.47.539 


PRODUCTION AND EFFECTIVENESS OF TITANIUM CARBIDE COATINGS ON STEF". AND HARD 
ALLOYS 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Russian No 6, 
1979 pp 36-40 


MINKEVICH, A. N., ZAKHAROV, B. V., TONE, E. R. and PIKUNOV, D. V., Moscow 
Institute of Railway Transportation Engineers, Moscow Hard Alloys Combine 
imeni S. P. Sclov'yev 


[Abstract] The results are given of experiments conducted on titanium car- 
bide coatings prod ced on steels and hard alloys by a diffusion titanium 
coating method which consists essentially of reacting a titanium sponge or 
powder with chlorine vapors which arise in:the decomposition of carbon tetra- 
chloride, as the result of which titanium chlorides are formed. The reaction 
takes place at reduced pressure (approximately 107! mm Hg) and at a tempera- 
ture of about 1000°C. The method is simple and explosion proof. The thick- 
ness of the titanium carbide coating is increased by increasing the carbon 
centent in the steel. This is associated with the intenstfication of reactions 
between the carbon dissolved in the austenite and lower chlorides. On the 
other hand, the thickness of the coating is reduced by increasing the content 
of chromium in the steel, inasmuch as chromium retards the diffusion of car- 
bon in the austenite. The surface microhardness of the «cating varies as a 
function of the load used in measuring, the thickness and composition cf the 
coating and the hardness of the substrate. The maximum microhardness on the 
surface of U12 steel is achieved with a load of 200 g and a coating thickness 
of 16 to 22 microns. The data of microhardness tests are confirmed by the 
results of x-ray microspectroanalysis performed with a Cameca analyzer. Pho- 
tographs are shown of the microstructure of titanium coated steels and a sin- 
tered hard alloy. A study was made of the diameter of carbide spheroids 
formed on the surface of steel, from which it was concluded that the diameter 
of spheroids formed on the surface of carbon steels is reduced considerably 
with an increase in the carbon content of the steel. This is associated 

with the fact that a» facrease in the carbon content of the steel results in 
an increase no only in the rate of growth of the carbide layer, but also in 
the number of carbide nuclei formed. The structure of the carbide layer was 
revealed by polishing and etching. It consists of very fine acicular grains. 
Titanium coating by this method is most effective for steels ~h12, Kh12M, 
Khl12F1, 8Kh4VMFS and 6Kh6V3MFS and a few others. For these steels a hardness 
of HRC 55-60 has been obtained. It is ditficult to heat treat steels ShKh15, 
U10, U12 and others with a titanium carbide coating, because of the poor 
scale resistance of titanium carbide. Tests of specimens of Khl2 steel for 
wear, which had been titanium coated by the method described, demonstrated 
that wear is sevenfold less in specimens with a titanium carbide coating than 
in tempered specimens of the same steel. The favorable results in laboratory 














wear testing were confirmed by production tests on various shaping tools. 
The wear resistance of a titanium coated steel tool was 2.3 to 10 times 
greater than that of a tool without a coating. Even better results are ob- 
tained if the tool is polished after titanium coating. Titanium carbide 
coatings are also produced on sintered hard alloys by the diffusion titanium 
coating method. In this case coatings are formed on account of the carbon 
dissolved in the cobalt phase, as well as of that combined in carbides. Data 
are presented which demonstrate that USSP-made threaded plates made of alloy 
TTLOKAB subjected to diffusion titanium coating are not inferior to, and in 
a number of instances are even better in terms of resistance than imported 
plates with a titanium carbide coating produced by a complicated technology 
employing the dangerously explosive mixture TiCl, + CH, + H>. Figures 6; 
references 15: 12 Russian, 3 Western. 


USSR UDC 621.91:669.295:621.039.61 
PLASMA CONDENSATION OF TITANIUM NITRIDE ON R18 STEEL AND T14K8 HARD ALLOY 


Kishinev ELEKTRONNAYA OBRABOTKA MATERIALOV in Russian No 3, May/Jun 79 pp 
30-33 


BERESNEV, V. M., BORUSHKO, M. S., BURAKHOVICH, I. A. and MATSEVITYY, V. M., 
Khar 'kov 


[Abstract] A study was made of the microhardness and microstructure of TiN 
coatings on R18 steel and T14K8 alloy which were produced by different con- 
densation conditions. The nitrogen partial pressure has a tremendous effect 
on the quality of the resulting coating. Electron microscopy revealed that 
there are a large number of pits and craters and traces of spraying of titani- 
um during condensation. The surface quality of the coated material depends 
substantially on the coating thickness and nitrogen partial pressure. Micro- 
hardness also is a function of thickness and partial pressure, and it was 
found that a pressure of 2?-1074 torr provides a strengthening effect on the 
coating for thicknesses starting at 2.0-2.5 microns. Figures 4; references 
4: 3 Russian, 1 Western. 

[167-6368] 

















Composite Materials 


USSR UDC 621.762 


MECHANICAL PROPERTIES OF PERMEABLE MATERIALS WITH AN ORGANIZED STRUCTURE 
BASED ON CONTINUOUS METAL FIBERS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 6, 1979 pp 55-58 manuscript 
received 17 Jul 78 


KARPINOS, D. M., RUTKOVSKIY, A. YE., ZORIN, V. A. and IVANCHUK, A. A., Insti- 
tute of Preblems of Material Science, Academy of Sciences Ukrainian SSR 


[Abstract] The results are given of a determination of the mechanical proper- 
ties of a permeable fibrous material based on knitted meshes over a wide range 
of porosity, as a function of the diameter of the wire used, the orientation 
of intermediate products in stacking them and other factors. Test samples 
were prepared by stacking knitted meshes in layers to form an interwoven "last- 
ing,’ followed by sintering two times in vacuum with intermediate compacting. 
Sintering took place the first time at 1350°C while holding for 1 hour, and 
the second time at the same temperature for 2? hours; the pressure was 10-3 to 
10-4 mm Hg. Specimens were divided into groups by porosity. Deviation from 
the mean value was not greater than 2.5 percent. The meshed intermediate 
products were stacked both in the same direction and in crisscross fashion. 
When stacked in the same direction, in all layers the direction of mesh columns 
(X axis) or mesh rows (Y axis) was the same, and in crisscross fashion, it dif- 
fered by 90° when going from layer to layer. The wire used for knitting was 

a Kh18N9T continuous steel wire of different diameters. Tensile testing was 
performed with an RM-103 unit. Samples were tested with meshes stacked in 

the same direction with the load applied along the X axis. It was found that 
the strength of the material increased with a decrease in the diameter of the 
fiber, which is thought to be due to the fact that thin wires contain fewer 
internal flaws and their unit strength is greater. Tensile tests were con- 
ducted on the same specimens with a UMF-19T unit at elevated temperatures of 
300 to 600°C in air. The tensile strength of the material was reduced with 

an increase in temperature over the entire porposity range studied, and the 
percentage elongation dropped from 12 to 22 percent at 20°C to 7 to 12 per- 
cent at 600°C. Specimens measuring 5 x 15 x 60 mm were tested for shear 
strength with a UMM-10 unit. Curves are shown for the dependence of shear 
strength on porosity and sintering temperature. The strength is influenced 
considerably by the orientation of the intermediate products. Maximum 
strength is observed in samples sheared along the X axis, and minimu, along 
the Y axis. This anistropy in strength in terms of the X and Y axes also 
characterizes the anistropy in density or porosity of the material in these 
same directions, taking into account the fact that, all other things being 
equal, the shear strength of a porous material is determined mainly by the 
amount of metal found in the shear plane. It is demonstrated that the aniso- 
tropy in shear strength in relation to the X and Y axes is reduced with a re- 
duction in porosity, and no influence is found of the diameter of the wire 

on shear strength. Bending tests were conducted at room temperature, in 














which samples measuring 5 x 15 x 60 mm were bent in the middle between sup- 
ports. It was found that over the entire porosity range the samples possess 
high ductility, which increases with an increase in porosity. With porosity 
greater than 70 percent, samples bend without the appearance of cracks until 
their ends are parallel to one another. The best ductility in bending tests 
is exhibited by specimens notched along the X axis and having meshes stacked 
in the same direction. The results of impact tests show that the impact 
strength of these materials lies within the range of 1.2 to 5.5 kg/cm2, which 
is reduced with an increase in porosity from 10 to 80 percent, for samples 
measiring 10 x 10 x 55 mm. The impact strength is greatest in samples notched 
along the X axis with stacking in the same direction, and it is considerably 
worse in those notched along the Y axis. Specimens made out of a material 
with crisscross stacking come in the middle in this regard. An increase in 
diameter of the wire results in sovie reduction in impact strength. Notch 
tests showed no considerable influence of the radius of the notch on the im- 
pact strength. It is concluded that in terms of impact strength, because of 
the continuity of structural elements and their organization, these materials, 
especially in the area of high porosity with the stacking of mesh intermediate 
products in the same direction, surpass not only powder materials, but also 
materials made of discrete fibers. This, along with their high ductility over 
a wide range, makes it possible to characterize these materials as construc- 
tion materials not inclined toward brittle failure. Figures 4; references 3 
(Russian). 


USSR UDC 669.018.539.43:536.4 


FEATURES OF THERMAL FATIGUE OF HETEROGENEOUS AND COMPOSITE METALLIC MATERIALS 





Kiev PROBLEMY PROCHNOSTI in Russian No 7, Jul 79 pp 20-27 manuscript received 
16 Nov 77 


MALYGIN, A. F. and YANKOVSKIY, YU. V., Leningrad 


[Abstract] On the basis of analysis of test results, it is suggested that 
the thermal fatigue strength of heterogeneous and composite materials be 
evaluated from the characteristics of thermal fatigue of the matrix, and that 
the level of the cyclic stresses acting in these materials be evaluated by 
summation of the intensity of stresses from the applied load with the struc- 
tural stresses. The heterogeneous materials were cast iron, perlite and 
austenite steels, and also nickel alloy. These materials contained non- 
metallic inclusions differing in amount and kind. The composite materials 
were based on nickel and aluminum alloys artificially reinforced with wire, 
fibers, lamellae and particles, or protected by diffusion coatings. It was 

















found that the features of thermal fatigue determine the cyclic structural 
stresses that interact with stresses from the applied load. The level of 

the structural stresses depends on the physicomechanical properties, type, 
size, shape and volumetric percentage of inclusions, their distribution, and 
also the intensity of heat cycling. In materials that contain high-strength 
finely dispersed incoherent inclusions such as nitrides, oxides, carbides, 
silicates, sulfides, aluminides, etc., the structural stresses with heat 
cycling are associated mainly with the difference between the coefficients 

of thermal expansion of the inclusion and the matrix. For coarse low-strength 
inclusions (graphite, slag, pores), structural stresses arise mainly due to 
the difference between the coefficients of heat conduction of inclusion and 
matrix. In heterogeneous materials, nitride inclusions have the greatest 
effect on fatigue strength, and sulfides have the least effect. In the case 
of composite materials, fibers are most decisive for fatigue strength, while 
refractory particles have the least influence. Figures 3; references 18: 12 
Russian, 6 Western. 
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BRIEF 


FIGHTING HULL CORROSION--One of the most effective methods of fighting cor- 
rosion is the so-called ship's hull protector. Metal components of varying 
configuration, weighing from one to several dozen kilograms, are attached to 
a ship's hull. They serve as unique "lightning arrestors," sacrificing them- 
selves to destruction by corrosion. Experts at the Central Scientific Re- 
search Institute of Shipbuilding Technology have developed protectors based 
on magnesium, aluminum, and zinc alloys. They possess excellent physico- 
chemical characteristics and reliably protect structures for a period of not 
less than 2-4 years. The scientists recommend almost 50 types of protectors 
for vessels of various classes, types and designations. They have developed 
special systems of attaching the protectors and interconnecting protectors, 
corresponding to various conditions of operation and type of ship. [Text] 
[Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian 9 Aug 79 p 4] 3024 
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USSR UDC 620.193.82:629.12 
CORROSION AND CORROSION-FATIGUE RESISTANCE OF A Cr-Ni-Mo STEEL IN SEA WATER 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, Mar 
79 pp 53-56 manuscript received 3 Sep 77 


KARPENKO, G. V. (deceased), KOBZARUK, A. V. and BALATSKIY, L. T., Physico- 
Mechanical Institute, Academy of Sciences Ukrainian SSR, L'vov 


[Abstract] 1L5Kh15DMF, 1L2KhN4DMF and 15KhN3DM steels were subjected to corro- 
sion in 3.5% aqueous NaCl, sea water and sea water supplied to the laboratory. 
In addition to corrosion testing, the steel samples were also fatigue tested 
at low cycles. It was found that samples exposed to the open sea water suf- 
fered corrosion damage to a much greater extent than in the other media due 

to the constant stirring motion of the ocean. However, as the exposure time 
gets longer, the difference in the corrosion activity of these media is dinm- 
inished. In fatigue tests it was noted that cracks were nucleated, as a rule, 
on the surface of corrosion pits for samples that had been previously corroded. 
Since the "sea'’ samples had deeper corrosion pits, cracks developed more rapid- 
ly than in samples tested under laboratory conditions. Figures 3; references 

3 (Russian). 
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USSR UDC 666.764.4:620.17 
NOTCH SENSITIVITY OF STRUCTURAL GRAPHITES AT HIGH TEMPERATURES 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, 1979 pp 60-63 manuscript received 
26 Nov 77 


BARABANOV, V. N. and STROKOV, V. I., Moscow 


[Abstract] The results are given of a study of the strength and strain 
properties of graphite products and of their behavior under stress under 
conditions of a stress concentration and high temperatures. Uniaxial tensile 
testing was performed under conditions of short-time loading at 20 to 2800°C 
on smooth samples and samples with a single notch, of structural graphites 
which are typical representatives of three classes, VPP, ARV and MPG-6. The 
notched samples measured 10 mm in diameter, with a radius of curvature at the 
apex of the notch of 0.1 mm, a notch depth of 2 mm and a notch flare angle 

of 60°. The smooth samples had a working section diameter of 6 mm. Samples 
were divided into groups of potentially equal strength by utilizing the corre- 
lation between the strength of graphite and its density and rate of transmis- 
sion of ultrasouni. The technique and equipment employed are described in an 
earlier study. Curves are shown for the effective stress concentration factors 
as a function of the test temperature. With a rise in temperature, the effec- 
tive stress concentration factor for finely granular graphite ARV and MPG-6 
drops more intensely than for medium granular VPP. Curves are also shown for 
the ultimate tensile strength of smooth samples and notched samples as a func- 
tion of the test temperature. These curves show that with a rise in tempera- 
ture the value of the ultimate tensile strength rises, both for smooth and 
notched samples. Furthermore, the intensity in the growth of ultimate tensile 
strength, rated as a ratio of the value of this strength at a specific tempera- 
ture to its value at 20°C, is substantially greater for samples with a notch, 
especially for finely granular graphites, and at 2800°C the ultimate strength 
of smooth samples and notched samples is either comparable or is higher for 
notched samples. The reasons for this unusual behavior of notched samples 
with a rise in test temperature are not sufficiently explained. Various theo- 
ries are advanced. In plotting stress versus strain curves, estimates were 
made of the unit strain in the area of the notch as compared with the unit 
strain in smooth samples, and a determination was also made of the absolute 
strain over the entire working section of the smooth sample and in the area 

of the notch. Tables are given of the unit strain of smooth samples and of 
the unit strain in the area of a notch with identical stresses equal to the 
ultimate stresses of notched samples. These values are compared with the 
elongation of smooth samples and elongation in the area of a notch, rendering 
possible an approximate estimate of the amount of added strain introduced 

by the notch. It was found that unit strains in the area of a notch under 

the assumptions made here are approximately two orders of magnitude greater 
than unit strains in smooth samples, whereas absolute elongation in the area 
of a notch is only 1.5 to 2 times less than the absolute elongation in smooth 
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samples. it is thought that a possible influence is exerted on the nature 

of the change in the values of the ultimate tensile stress and of the effec- 
tive stress concentration factor and on the unusual behavior of notched sam- 
ples in the process of high-temperature straining, by the point of fracture 
predetermined by the notch. In these tests the notch was applied precisely 

in the middle of the working section of the sample. Fracture in smooth sam- 
ples always takes place along the weakest cross section in the area of the 
working section. Other possible reasons explaining the experimental results 
require further comprehensive research. Figures 2; references 10: 9 Russian, 
l Western. 
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Heat Treatment 


BRIEFS 


MAGNETIC-FIELD HEAT TREATMENT--Metal parts such as pinions, gears and 
sprockets will become more reliable and stronger if they are heat-treated 

in a magnetic field. Such a unit has been developed at the Rostov Agri- 
cultural Machine Building Institute. It consists of a coaxial DC magnet 

and a thyristor rectifier. Control circuits provide automatic synchroniza- 
tion of the processes of heating, cooling and magnetic field application. 
The equipment was designed taking into consideration the features of conven- 
tional high-frequency heating units and does not require their alteration. 
[Text] [Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian 9 Aug 79 p 4] 3024 


CSO: 1842 
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USSR UDC 621.762 


INFLUENCE OF HEAT TREATMENT ON WEAR RESISTANCE OF HOT-COMPACTED HARD ALLOYS 
UNDER CONDITIONS OF ABRASION 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 6, 1979 pp 52-54 manuscript 
received 6 Jul 78 


BRONSHTEYN, D. KH., LOSHAK, M. G., SIMKIN, E. S., TSYPIN, N. V. and SVESHNIKOV, 
I. A., Institute of Superhard Materials, Academy of Sciences Ukrainian SSR 


[Abstract] The results are given of experiments leading to the general con- 
clusion that, for the purpose of considerably improving the wear resistance 

of hard alloys, by almost three times, it is a good idea to temper them after 
hot compaction. Hot-compacted hard alloys are annealed in order to remove in- 
ternal stresses, but there have been no published data on the wear resistance 
of annealed hot-compacted alloys. A study was made at the Institute of Super- 
hard Materials of the influence of different kinds of heat treatment on sever- 
al properties of hot-compacted hard alloys. Experiments were conducted with 
prismatic samples measuring 5 x 5 x 35 mm, made of hard alloy grades VK6 and 
VK8, which are most often used as die materials. The alloys were hot-compacted 
in graphite compact molds. The hard-alloy compacted mixture was heated indi- 
rectly with a high-frequency LPZ-2-67 unit. Hot compaction took place at 1400 
to 1420 and 139 to 1400°C at a pressure of 150 and 125 kg/cm2. Isothermal 
holding lasted three minutes and the cooling rate was 8 to 10 deg/min. The 
temperature was measured with an OPPIR-017 optical pyrometer and the samples 
were annealed in a VT-40/400 tubular furnace in an environment of heavily 
dried hydrogen. Hot-compacted hard-alloy samples of grade VK6 were annealed 
by heating to 1250°C at a rate of 10 deg/min, holding at 1250°C for 15 min 

and cooling at a rate of 5 deg/min. A determination was made of tungsten in 
the cobalt phase by the magnetic method with reference to the change in the 
Curie point, employing a modernized UTK-2 unit. This was done to test the 
hypothesis that one of the reasons for improvement in the properties of hard 
alloys is the hardening of the cobalt phase because of an increase in the 
amount of tungsten dissolved in it. Tests for intensity of wear were made 

by using a technique described in an earlier study, developed at the Institute 
of Superhard Materials, whereby an AI-2 machine is employed, utilizing a 100/80- 
grain silicon carbide abrasive with pressure on the sample equaling 10 kg/cm2, 
Tests were made for hardness, density, coercive force, yield point and intensi- 
ty of wear. The hardness, density and coercive force of hot-compacted VK6 
alloys practically did not change after annealing, and a slight increase in 
yield point was observed and a considerable increase in intensity of wear. 
Analysis of the cobalt phase proved a reduction in the content of tungsten 

in annealed hard alloys as compared with the original hot-compacted alloys. 
Studies were also made of the physicomechanical properties of hot-compacted 
VK8 hard alloys after tempering. There was no change in hardness and coercive 
orce, but the density was somewhat lower and the yield point in bending and 
the impact strength were increased. Tempering was performed at 1200°C with 
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a heating rate of 400 deg/min, isothermal holding for 5 min and coolin in oil. 
A special bench was used to determine wear resistance. A reduction in the in- 
tensity of wear was found, from 6.0 to 1.6 mm/km. After a determination of 
mechanical properties, the wear resistance of samples was estimated by solder- 
ing them onto cutter holders. The cutters of the alloys, after diamond sharp- 
ening, were tested for abrasion on blocks made from sandstone from the Monok- 
hovskiy Quarry. It was found that an improvement in working capacity is 
gained as the result of tempering, which is occasioned by hardening of the 
cobalt phase in the heat treatment process because of an added amount of dis- 
solved tungsten. The tungsten content in the cobalt after tempering was in- 
creased by 20 to 25 percent by weight as compared with the original hard al- 
loys. The dissolution of tungsten in the cobalt in the tempering process 
takes place more intensely in hot-compacted hard alloys apparently because of 
a reduction of the granularity of tungsten carbide in them. The faster cool- 
ing rate employed in the tempering process, as compared with the rate used in 
the fabrication of hard alloys, results in the fact that the tungsten is not 
removed from the cobalt solution, which becomes saturated in the process of 
heating and isothermal holding in tempering. References 9 (Russian). 


USSR UDC 669.14:621.78 
HEAT TREATMENT AND IMPACT ENDURANCE OF ALLOY STEELS 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Russian No 6, 
1979 pp 49-51 


MOLCHANOV, L. N. and KLIMOV, K. V., Tula Polytechnical Institute 


[Abstract] An investigation was made of the influence of heat treatment con- 
ditions on the endurance of some high-strength alloy steels with repeated im- 
pact. Particular attention was paid to the influence of media used in temper- 
ing steel and of annealing conditions. Three methods of heat treatment were 
emploved. The first consisted of heating in an electric furnace to 500 to 
600°C, heating in a salt bath to 850 to 870°C, soaking for 10 min, cooling in 
a saltpeter bath at 180 to 200°C for 10 min, and cooling in water. The 
second method consisted of heating in an electric furnace to 500 to 600°C, 
soaking for 20 min, heating in a salt bath to 840 to 860°C, soaking for 10 
min, cooling in a saltpeter bath at 180 to 200°C for 10 min, and cooling in 
water; annealing was then performed by heating in a saltpeter bath at 180 to 
200°C, soaking for 10 min, and cooling in water. The third method consisted 
of heating in an electric furnace to 840 to 860°C, soaking for 30 min, and 


cooling in oil at 40 to 80°C; annealing was then performed by heating in a 
saltpeter bath at 220 to 240°C, soaking for 60 min, and cooling in water. 
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Three grades of steel were tested: 30KhN3A, 30KhHN2MFA and 25Fh2N46VA. The 
mechanical properties of these steels were close after heat treating in all 
three modes. This indicates that the heat treatment conditions have an in- 
significant influence on the mechanical properties of these steels in static 
loading to the breaking point. A ram impact machine was used for repeated 
impact testing, using an impact load with a rate of 13 cycles per second. 
Samples were studied with a 10 x 10-mm cross section with a U-shaped notch 

2 mm deep and a stress concentrator radius of 1 mm, with a distance between 
supports of 40 mm. The endurance of steel 30KhHN3A and 30KhN2MFA treated by 
all the heat treatment modes studied differs insignificantly. The endurance 
of 25Kh2N4VA steel is greater than that of 30KhN3A and 30KhN2MFA steel. It 
is possible that this is due to its greater ductility, lower impact strength, 
and higher nickel content. In terms of heat treatment modes employed, it is 
concluded that for the high-strength alloy steels studied, maximum endurance 
is achieved after tempering and annealing according to the third mode. Of 
the steels studied, steel 25Kh2N4VA has the greatest endurance. Its use 

is preferable for parts subjected to repeated impact loads. Figures 1; ref- 
erences 10 (Russian). 
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INFLUENCE OF REF.WING REMELTING ON MECHANICAL PROPERTIES OF HIGH-STRENGTH 
D7KhFN TOOL STEEL 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Russian No 6, 
i979 pp 47-48 


SOROKIN, G. M., BOBROV, S. N. and BOBROVA, L. I., Moscow Institute of the 
Petrochemical and Gas Industry imeni I. M. Gubkin 


[Abstract] An investigation is made into the influence of refining remelting 
of high-strength D7KhFN tool steel on its mechanical properties. This steel 
must have maximum strength and high ductility. It is possible to improve 
ductility by reducing the content of harmful impurities by refining remelting. 
The test steel was melted at the Dneprospetsstal' Plant in a basic arc furnace. 
Some ingots were rolled into electrodes and subjected to submerged arc remelt- 
ing. Some of these ingots were also subjected to electron beam remelting. 
After remelting, the steel was rolled into a disk 60 mm in diameter. Sub- 
merged arc remelting reduces the amount of non-metallic inciusions, eliminates 
point inhomogeneity and reduces porosity twofold. The ingots and rolled metal 
were forged into a 15-mm square and then the blanks were normalized from 870°C 
and annealed at 682°C. The steel then had the structure of granular perlite. 
For determining ductility, samples were made from the blanks and were tempered 
from 840°C in oil and annealed at 100 to 500°C. Refining remelting processes 
do not alter the hardness of tempered D7KhFN steel after annealing at the 

same temperatures, but show some influence on mechanical properties in tensile 
testing after tempering and annealing. The ultimate strength of D7KhFN steel 
after submerged arc remelting plus electron beam remelting is 15% greater than 
after submerged arc remelting alone, and 35% greater than after basic arc re- 
melting. Ductility is increased by approximately 33 percent after submerged 
arc remelting, as a result of a reduction in the content of harmful impurities 
in the steel. Tests for impact and abrasive wear demonstrate that refining 

of the steel has a negligible effect on its wear resistance and shear strength. 
It is concluded that for the purpose of improving the mechanical properties of 
steels of type D7KhFN it is sufficient to refine by the submerged arc remelt- 
ing method, for double remelting involving submerged arc remelting and electron 
beam remelting increases the cost of the steel in comparison with basic arc 
melting and does not result in a significant improvement in mechanical proper- 
ties. Figures 3. 
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Powder Metallurgy 


PARTS MADE FROM POWDER 
Moscow PRAVDA in Russian No 245, 2 Sep 79 p 2 
[Article by S. Kiparisov, doctor of technical sciences, State Prize Winner} 


[Text] P. G. Sobolevskiy, a Russian scientist of the last century, who pro- 
posed an original chemical-mechanical method for obtaining malleable plati- 
num, did not even suspect that he was on the threshold of a new trend in sci- 
ence and technology. But the fact remains a fact--the technological proce- 
dures he used contained the essential elements of modern powder metallurgy, 
although his research was done in connection with the impossibility of melt- 
ing platinum in the furn-ices of his time. 


Now, we have learned to obtain not only platinum, but practically all metals, 
including the hardest to melt--tungsten. As a result of the scientific-tech- 
nological revolution, powder metallurgy develope: so that it has now become 
an arsenal of materials and facilities for supplying many new equipment in- 
dustries. Its flexible technological arrangements include premises fer the 
efficient synthesis of materials with given properties. 


The essence of the method consists of obtaining metal powders (by a chemical- 
metallurgical or mechanical method), pressing them in given press dies and 
sintering them in a controlled atmosphere. A material or finished part is 
obtained that does not require machining. At the same time, the material 
frequently has no equal in strength and wear resistance. 


This method is a solid part of various industrial production sectors. While 
in 1949, the First All-Union Powder Metallurgy Confersmce was attended by 
only about 25 specialists representing 10 to 15 organizations from three 
cities in the country, the next forum, which will be held this fall in Tash- 
kent, will discuss 250 scientific reports representing 120 cities. 


It is difficult to imagine a modern device or mechanism without "powder" parts. 
At present, graphically speaking we stand beside the cradle of an era of com- 
posite materials that determine, to a great extent, the technical progress 

of the future. Products made by the powder metallurgy method serve space 
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navigation, electrica’ technology and motor vehicle building. For example, 
the "Zhiguli'’ contains dozens of such parts. Electric shavers, tape record- 
ers, washing and sawing machines have "powder’ friction bearings. They are 
noiseless and need not be lubricated. Solid lubricants are added in the form 
of graphite or other compounds, as well as oil, which is precipitated on the 
rubbing surfaces in the process of operation. By using various additives, 

it is possible to create materials and parts with specific properties that 
cannot be produced by other methods due to differences in specific weights, 
melting temperatures of components, etc. 


Yet, obviously, the advantage of powder metallurgy is that there is no waste. 
By making machining unnecessary, we double the coefficient of metal utiliza- 


tion. This is very important if we keep in mind that in machining, about 
two million tons of high-allcy steel chips and up to 20,000 tons of chips of 
titanium and its alloys are formed every year. At only one of the investi- 


gated cable plants, up to 800 tons of copper scale, representing practically 
pure copper oxide, are accumulated every year. 


What happens to such wastes? We recall that after the war, demobilized 
soldiers brought home a simple decoration for the new year evergreen--shav- 
ings. They looked beautiful--blue, lilac, red... At that time, we thought 
little about losing invaluable raw materials, which could be put to use. 
Probably because there was a comparatively small amount of such shavings. 


With the increase in the capacities of the metal machining industry and the 
increase in waste, the shavings began to be collected and remelted. This 
was not very profitable not only due to considerable transportation costs 
(loading coefficient of cars for shavings is only 0.4 to 0.7), but also pri- 
marily due to large losses of metal. 


Shavings become oxidized (this produces their beautiful color!) due to the 
high temperatures produced when cutting. Lying in the plant yard under the 
open sky, the scale gets thicker. The greatest loss is caused by the remelt- 
ing process. The loss in burning is 20 and more percent. Chromium, tungsten, 
molybdenum, nickel and other valuable additions burn out first because oxides 
of high-melting metals are volatile and sublimate as soon as the melting tem- 
perature reaches 1500 degrees. Gaseous products formed in this case pollute 
the environment and are not at all harmless to the biosphere. 


A way out of the situation is prompted by this same powder metallurgy. From 
any point of view, it is more beneficial not to melt shavings of alloyed 
steels, but to pulverize them to the necessary grain size and manufacture 
from the powder obtained various products with given parameters. 


I will enumerate only the most obvious advantages of this. When the shavings 
are melted, the labor and power expenditures used in the process of producing 
them on the machine tool are lost. Now, however, they are considered as use- 
ful, because powder made from shavings costs only about half of that made from 
lump raw material. Powder -echnology does not require the use of high tempera- 
tures and, therefore, does not lose valuable alloying components, so that the 
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industry obtains inexpensive alloyed powders. Moreover, in the pulverizing 

process, the composition of the initial material may be changed by introduc- 
ing special components, such as, say, titanium carbide which cannot be added 
to iron by any other method. In a word, possibilities open up for mechani- 

cal-chemical alloying of metal. 


There is another very important circumstance. It is well known that the 
smaller the grain size of fast-cutting steel, especially of the carbide com- 
ponent, the higher its wear resistance in cutting. To reduce the carbide 
grain size, expensive forging is used in hot metallurgy. The powder method, 
however, assumes a small grain structure from the very start. In combina- 
tion with the advantage of "shavings" powder, this opens up truly invaluable 
possibilities for obtaining long-lasting metal cutting tools. 


These and other advantages were proved by scientists of a number of institutes 
with whom 1 have worked on this for 20 years. They were not only proved theo- 
retically correct, but also in practice. In particular, at the "Avtogaz" As- 
sociation, an experimental-industrial test is being made now of a technology 
for converting shavings of fast-cutting steel with the simultaneous introduc- 
tion of titanium carbide. In this case, the durability of the cutters in- 
creases five to six times compared to the usual ones. This means that auto- 
matic machine tools must be stopped much less often to replace the cutters 

and the utilization coefficient of the machine tool pool is increased. 


The NIItraktorsel'skhozmash scientists, jointly with their colleagues in 
other institutes, proposed a process for reprocessing shavings of ball bear- 
ing steel and manufacturing sealing rings for the traction system of cater- 
pillar tractors from the powder. For a production cost of about 100 rubles 
per ton of finished rings, 2.3 tons of scarce steel pipe are being saved. 


A technology was created for reprocessing titanium chips and wastes from low 
sorts of spongy titanium at the Titanium Institute. This technology produces 
powders of metal and its alloys. Series production was organized of compact 
titanium parts--bushings, flanges, lids and sleeves. These developments were 
introduced in over 50 enterprises of various industries. Almost 15 million 
rubles were saved. 


I have cited only several examples of the efficient utilization of production 
wastes. Actually, there are very many more of them. 


Yet, everything that has been achieved is a drop in the bucket. As before, 
mountains of shavings rust under the open sky and burn up in furnaces. This 
wastes labor and secondary raw materials. Yet, at each large enterprise, 
where machining is done, it is possible to create a shop for manufacturing 
powder and products from it. Simple equipment is needed: a ball mill, a 
readjustable low power press and several electrical furnaces for drying and 
sintering the products. In other words, the cost of fixed capital for such 
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a shop is a negligible part of a percent of the cost of the plant itself. 
Moreover, it may be organized with some participation of small neighboring 
enterprises which are interested in durable cutting tools and other metal 
powder products. 


At present, new improved methods of powder technology are being developed 
at the Institute of Fine Chemical Technology. They are based on reprocess- 
ing basic production wastes. For example, grinding shavings in a cryogenic 
medium will make it possible to increase sharply the quality of the powder 
and, therefore, the quality of the products made from it. The situation is 
that at low temperatures, oxygen oxidizes metal less. In their turn, the 
shavings become more brittle, they are ground faster and the grains do not 
have time to cold-harden. There are additional developments waiting for 
interested managers. 


As noted at the 25th party congress, high quality means saving labor and ma- 
terial resources. The proper use of machining wastes for powder metallurgy 

is a link in solving the problems posed by the party on improving the utiliza- 
tion of metal, raising the quality of products and improving the environment. 
We think that the USSR Gosplan, in determining government tasks for industries, 
should take into account the output volumes of products from production wastes 
by using powder metallurgy and, if necessary, establish tasks for additional 
capital investments. 


Obtaining powder and products made from it, using shavings wastes--is a prob- 
lem of great national economic importance. It must be solved immediately, 
energetically and comprehensively. 





[184-2291] 
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USSR UDC 621.762 


FRICTION CHARACTERISTICS AND DEFORMATION FEATURES IN THE CONTACT ZONE OF TiC 
IN THE HOMOGENEOUS STATE 


Kiev POROSHKOVAYA METALLURCIYA in Russian No 6, 1979 pp 45-51 manuscript 
received 24 Oct 78 


TKACHENKO, YU. G., ORDAN'YAN, S. S., YULYUGIN, V. K., YURCHENKO, D. Z., 
TABATADZE, G. S. and PANTELEYEV, I. B., Institute of Problems of Material 
Science, Academy of Sciences Ukrainian SSR 


[Abstract] Previous studies have demonstrated the fairly high level of anti- 
friction properties of carbides of high-melting metals, of TiC, in particu- 
lar, under friction in vacuum at high temperatures. However, data have been 
lacking on the friction and wear of TiC in the homogeneous state. The re- 
sults are given of a study of samples of TiC ranging in composition from 
TiCg ¢ to TiC, 9 during friction in vacuum. Samples were prepared from pow- 


ders of TiC which were milled with hard alloy balls in a vibrating mill ina 
medium of ethyl alcohol for 60 hours. Sleeves with an outside diameter of 

20 mm and an inside diameter of 10 mm and 4 height of 18 mm were compacted in 
a metal compact mold at a pressure of 1 t/em2. After compaction and drying, 
the samples were sintered in an SShVL-0,6/25 vacuum furnace, whereby the com- 
pacts were heated and cooled at a rate of 400 deg/hour. The results are given 
of a study of the friction and wear characteristics of samples of these car- 
bides in the temperature range of 20 to 1200°C under a vacuum of 5+107> mm Hg. 
Friction characteristics were studied during friction of samples of the same 
kind in a high-temperature vacuum unit under a load of 10 kg /cm2 with a slid- 
ing friction rate of 0.01 m/sec. Straight-line wear was determined by measur- 
ing the samples prior to and after testing with an IKV upright optimeter. X- 
ray structural and durometric analysis were employed to study the nature of 
the change in the fine structure and the degree of hardening and softening of 
the surface layer. The topography of the area subjected to friction was re- 
corded by means of a profilometer-profilograph and with reference to the 
change in this, topography curves were plotted for the bearing surface and 


the area of actual contact of the specimen was calculated in the region of 
plastic and elastoplastic deformation. A metallographic study was also made 
of the structure of samples and of the friction surface by employing an MIM-8 
optical microscope. Curves are shown for the rate of wear and the friction 
coefficient versus the content of carbon in the 20 to 1200°C temperature range. 
It was found that the lower the temperature, the less influence the composi- 
tion has on the rate of wear. The resistance to wear improves steadily for 
the entire temperature range as the composition of titanium carbide approaches 
stoichiometry. Tests in air lasting 6 hours demonstrated that the nature of 
wear as a function of the carbon content in the carbide is the same from the 
qualitative standpoint as under friction in vacuum. It was found that at 
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800°C the influence of the composition of TiC on the coefficient of friction 
is insignificant, and at 20 and 400°C this influence is directly proportional, 
and at 1200°C inversely proportional, to the carbon content. At room tempera- 
ture the rate of wear is reduced as the carbon content in the carbide increases, 
i.e., with an increase in hardness. The material wears chiefly at points of 
actual contact, and the rate of wear of carbides is shown to be proportional 
to the area of actual contact. It was proven that a reduction in the amount 
of carbon in TiC results in a reduction in Young's modulus and in microhard- 
ness. The friction surfaces of carbides were photographed in Cu, radiation 
with a DRON-O5 unit for the purpose of determining physical broadening of in- 
terference from the (420) plane, in order to study the degree of change in 

the fine structure of the friction surface after friction at different tem- 
peratures. Curves are shown for the relationship between broadening of line 
(420) and the degree of carbon imperfection in TiC for samples tested at 20, 
400, 800 and 1200°C. A maximum was observed on these broadening curves for 
TiCg, 48, which has an optimal combination of hardness and ductility which is 
responsible for maximum hardening of working layers in the process of plastic 
deformation under friction. Figures 5; references 9: 8 Russian, 1 Western. 


USSR UDC 699.81.621.763 
TRAPPING OF A FLAME WITH POROUS METAL FIBER FIRE BARRIERS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 6, 1979 pp 88-89 manuscript 
received 29 Nov 78 


STRIZHEVSKIY, I. I., KARPINOS, D. M., RUTKOVSKIY, A. YE., EL"NATANOV, A. I., 
ZORIN, V. A., ANDREYEVA, N. V. and IVANCHUK, A. A., Institute of Problems of 
Material Science, Academy of Sciences UkrSSR, State Scientific Research and 
Planning Institute of the Nitrogen Industry and of Products of Organic 
Synthesis 


[Abstract] Results are given of experiments performed to test the flame ex- 
tinguishing properties of specimens made of porous fibrous materials based 
on knitted (interwoven) intermediate products, in extinguishing the most 
rapidly burning hydrogen-air mixture. Tests were conducted to determine the 
critical pressures for extinguishing of the flame and for the flame to jump 
through the fire barrier, by using a vessel divided into two chambers by a 
fire trapping element, a small and a large one, with capacities of 0.1 and 
3.5 ilcers, respectively. Prior to the test the vessel was evacuated and 
fillec with a combustible mixture to a predetermined pressure. When the 
mixture in the small chamber was ignited by means of a spark plug, there was 
practically no change in pressure in the large chamber if the flame was 
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trapped. jf the flame jumped through, the mixture in the large chamber was 
ignited, resulting in a rapid increase in pressure. A hydrogen-air mixture 
was prepared, containing 40 percent hydrogen by volume. The fire trapping 
elements were cylindrical sheets of the material, 2 mm thick and 31 mm in 
diameter. The flame is extinguished in the narrow ducts because of heat 
losses from the reaction zone to the walls of the ducts. When heat losses 
reach a certain critical value, the velocity of the reaction in the flame is 
reduced to such an extent that it cannot be propagated further. It was found 
that the majerity of the specimens reliably extinguish a flame at atmospheric 
pressure of the original mixture. It is concluded that fire trapping ele- 
ments made out of porous fibrous materials based on interwoven intermediate 
products can be used as fire barriers functioning at atmospheric pressure, 

in the gas channels of gas analyzers, for example. References 2 (Russian). 


USSR UDC 661.665.3:352.64 


INVESTIGATION OF THE KINETICS OF INTERACTION BETWEEN BORON CARBIDE AND LIQUID 
ALUMINUM, SILICON, NICKEL, AND IRON 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 7, 1979 pp 79-83 manuscript 
received 19 Sep 78 


PANASYUK, A. D., ORESHKIN, V. D., and MASLENNIKOVA, V. R., Volgograd Civil 
Engineering Institute and Institute of the Problems of Material Science, 
Academy of Sciences Ukrainian SSR 


[Abstract] The kinetics of the flow and wetting of liquid Al, Si, Ni, and Fe 
on the surface of boron carbide B,C was investigated by the method of measur- 
ing the contact angle of wetting and the diameter of the circle over which 
contact between the droplet and the substrate takes place. Variation in 
these parameters was recorded with the aid of a motion picture camera (48 
frames per second). Liquid silicon wets boron carbide within 1-1.5 min, 
forming a contact angle of 20°, at a flow rate of 0.16-0.08 cm/sec. Such 
slow wetting is due to the interaction between liquid and solid phases and 
the formation of new phases in the contact zone. The system B4gC-Si displays 
a chemical interaction accompanied by the formation of a new phase (SiC) 
whose crystals grow in size owing to recrystallization. At 1100-1200°C 
liquid aluminum wets the surface of boron carbide at the rate of (8...1)+1072 
cm/sec, and the contact angle at first is 92°, decreasing to 28° within 3-3 
min. Such a slow spread of aluminum is associated with the formation of new 
compounds in the contact zone, which sharply retard the flow kinetics. It 
takes 4-5 min for nickel to wet boron carbide, and this is accompanied by the 
formation of new phases--nickel boride (Ni4B3) and boron carbide. It takes 
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10 min for iron to wet boron carbide. Such a slow rate of wetting may be 
due to the increase in the viscosity of liquid iron during its interaction 
with boron carbide owing to the formation of new phases in the contact zone. 
Microstructural analysis of the interaction zone of the B4C-Fe system re- 
vealed the presence of several phases, including iron boride (FeB). Thus, 
liquid silicon, aluminum, iron, and nickel actively interact with boron car- 
bide to form new chemical compounds. These metals cannot be used in their 
pure form as binders for composite materials based on boron carbide, but, 

in view of their marked adhesion to boron carbide, they may be used as in- 
gredients of the binder. Figures 4; references 9 (Russian). 
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INVESTIGATION OF THE PROPERTIES OF PLASMA-SPRAYED SEMIFINISHED ALUMINUM 
PRODUCTS REINFORCED WITH SILICON CARBIDE FIBERS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 7, 1979 pp 57-59 manuscript 
received 2 Oct 78 


KARPINOS, D. M., MOROZ, V. P., ZIL'BERBERG, V. G., KADYROV, V. KH. and 
DOROKHOVICH, V. P., Institute of Problems of Material Sciences, Academy of 
Sciences Ukrainian SSR 


[Abstract] The plasma-spraying of D16 and AP-1 aluminum powders onto rein- 
forcing SiC fibers 0.1 mm in diameter was investigated with respect to such 
parameters as the relation of the porosity of the sprayed-on material to 
particle size and the surface temperature of the material during the spraying. 
The surface temperature of the material was found to reach 175-500°C within 

5 sec at a distance of 75 mm from the plasmotron nozzle; thus 5 sec was suffi- 
cient to obtain a monolayer with a coating of the required thickness. Porosity 
of the aluminum coating could be reduced to a minimum when the powder parti- 
cles ranged from 50 to 70 um in size. At a gas discharge rate of 6.5-8.0 
liters/min the amount of powder supplied was 50-100 g/mm2, Metallographic 

and x-ray analysis of the interface between the fiber and matrix showed the 
absence of an intermetallic layer. Figures 6; references 7 (Russian). 
[174-1386] 
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INVESTIGATION OF THE OPTIMAL COMPOSITION AND TECHNIQUES OF PRODUCING 
MANGANESE-TREATED TIC ALLOY BONDED TO Kh4N2M8 STEEL 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 7, 1979 pp 52-56 manuscript 
received 2 Apr 78 


KIPARISOV, S. S., NARVA, V. K., SHANAYEVA, D. A. and SHUMENKO, V. N., Moscow 
Institute of Steel and Alloys 


[Abstract] The possibility of adding manganese to improve the performance 
qualities of alloys based on titanium carbide bonded with Fh4N2M8 steel was 
explored. The optimal composition and conditions for obtaining the manganese- 
treated material were selected by means of experiments based on the mathemati- 
cal planning method on using such optimization parameters as density of the 
sintered alloy, hardness after annealing, and hardness and impact strength 

and bending strength after tempering, as functions of sintering temperature, 
manganese content, annealing temperature, and other factors. Analysis of the 
derived equations as well as the experiments performed on their basis demon- 
strate that the optimal composition of the alloy is as follows: TiC 40%, 
steel 60% (composition of steel: Cr 4.0, Ni 2.0, Mo 8.0, C 0.8, Mn 13.62, 
with Fe as the remainder). The production technology of the alloy is: sin- 
tering at 1400°C; pellets:mixture ratio = 5.1; grinding time 96 hrs; sinter- 
ing time 2 hrs; temperature of annealing and hardening 800 and 950°C; harden- 
ing time 40 min; annealing time 6 hrs; tempering temperature 500°C, for 4 hrs. 


Figures 1; references 2 (Russian). 
[174-1386] 
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Refractory Materials 


NEW REFRACTORY MATERIAL FOR METALLURGICAL FURNACES 





Moscow MOSKOVSKAYA PRAVDA in Russian 1 Aug 79 p 1 


[Article by S. Bocharova, press center correspondent of the Ministry of In- 
stallation and Special Construction Work of the USSR: “Fiber in the Furnaces”) 


[Text] Each year the collectives Glavteplomontazh [Main Administration of 
Heat Engineering and Heat Insulation] Trust of Minmontazhspetsstroy [Ministry 
of Installation and Special Construction Work] of the USSR participate in 
construction and reconstruction of more than 6,000 industrial furnaces in 
different regions of the country. Heretofore, it has been necessary to pro- 
duce more than 1 million cubic meters of refractory timing each time for this 
purpose. The work is very laborious. Specialists of Teploproyekt Institute 
[All-Union Scientific Research and Planning Institute for Heat Engineering 
Structures] and Soyuzteplostroy Trust [State Trust of the Glavteplomontazh 
of the Gosmontazhspetsstroy SSSR], striving to ease the labor of the builders 
and to reduce the periods of constructing objects, proposed that the lining 
of traditional refractories be replaced by a new material--refractory fiber. 


"Fiber refractories permit a twelvefold reduction of the weight of thermal 
furnaces and a reduction of their reconstruction period by one-half," says 
P. Tolkachev, manager of the Soyuzteplostroy Trust. "Externally the refrac- 
tory fiber is similar to ordinary cotton wool. It is only slightly lighter 
than it and does not burn even at a temperature of plus 1,700 degrees. The 
new material is also approximately 12 times lighter than ordinary fireclay 
brick. Moreover, as indicated by investigations, fuel consumption for heat- 
ing the fiber lining is reduced by a factor of 10-15 in furnaces operating 
periodically or those operating in one or two shifts." 


The new refractories obtained these valuable qualities from high alumina and 
kaolin materials, on the basis of which they are manufactured. Tiles, felt, 
heat insulating cords and much more are made from refractory fibers. 


Moscow workers are using the new materials extensively in the construction of 
industrial objects in Siberia and the Far East, the Urals and Kazakhstan, 
specifically, in the construction of two complexes at the Gur'yev Petroleum 
Refining Plant imeni Lenin--a slow coking unit and a preliminary oil refin- 
ing unit. It was initially proposed that the thermal protection of five 
furnaces of both complexes be made from traditional fireclay brick. In this 
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case the brigades of the Soyuzteplostroy Trust were supposed to make more 
than 1,000 cubic meters of brick lining. At the suggestion of engineers of 
the trust and of the Teploproyekt Institute, the brick was replaced with re- 
fractory fiber. 


What did this yield? The material consumption of the furnaces was reduced 

by 300 cubic meters, the cost of the lining operations was reduced by more 
than one-third, 70 tons of assembled steel sections costing more than 23,000 
rubles were saved and 1,000 man-days were saved. Such was the economic effect 
realized from only five of the 6,000 industrial furnaces now under construc- 
tion and being reconstructed in the country. 


Refractory fiber has in the past copied traditional brick in the construction 
of the Angarsk Petrochemical Complex and industrial objects at Noril'sk, 
Magnitogorsk and Omsk. 


The Baykal-Amur Mainline Railroad has become a unique test area for the Moscow 
workers. The brigades of Soyuzteplostroy Trust are now constructing the ca- 
pacities of the new Tugursk Lumber Industry Farm and industrial objects in 

the settlement of Tapkun. The bakeries at Shimanovsk and Tynda have been put 
into operation with high quality. 


Experimental structures whose working layer is made of fiber heat-resistant 
materials are also being used at Moscow construction sites. Thus, the innova- 
tion is successfully passing a production check at the Serp i Molot Plant. 


The "geography" of using heat-resistant, very effective materials is being 


expanded. 
[182-6521] 
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NEW CLASS OF ISOTROPIC ELECTROTECHNICAL STEELS PROPOSED 
Moscow PRAVDA in Russian No 260, 17 Sep 79 p 3 


[Article by Academician N. Zhavoronkov and Academician A. Tselikov: 
“Better Than Foreign Specimens”) 





[Text] The Soviet Union occupies first place in the world in cast iron, 
steel and rolled steel production. And even so the needs of some sectors 
and enterprises for metal are not being completely satisfied. It is expen- 
sive and not always feasible to solve this problem by further increase of 
ferrous metal production alone. Therefore, the primary task has become an 
increase of quality, optimization of variety and efficient use of metal. 
Metallurgists are expanding the use of efficient production processes and 
are developing new grades and marks of steel and progressive dimensions of 
rolled steel. The machine builders are attempting to reduce the metal con- 
sumption of equipment and to reduce wastes. Both these trends are inter- 
related and in combination bring significant advantages to the national 
economy . 


A good example of this complex approach to the matter is the collective 
labour “Development of a new class of isotropic electrotechnical steels and 
creation of industrial technology of producing and using them in the 
national economy,” which has been submitted for the State Prize of the USSR. 
Various motors, small generators, starting and regulation apparatus, low- 
voltage light engineering and other equipment are manufactured from these 
steels. 


The energy and technical-economic characteristics of the machines--their 
overall dimensions, reliability and efficiency--would largely depend on 

the magnetic properties and quality of isotropic electrotechnical steels 

(i.e., those with identical properties in all directions). Different motors 
consume more than 65 percent of the produced electric power in the Soviet 
Union and in this case not fewer than 8 percent comprise irreversible losses 

in the motors themselves--their cores. This exceeds 25 billion kilowatt- 

hours annually throughout the country--more than the Bratskaya GES generates. 
Therefore, improving the magnetic properties and production of electrotechnical 
steels is one of the primary tasks of metallurgists. 
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The decisions of the 25th CPSU Congress provided for development of cold- 
rolled dyzamo (isotropic) steel production. Specialized complex equipment 
and large capital investments are required to manufacture this metal with 
delivery in the annealed state. A collective of specialists has developed 

a family of original unalloyed cold-rolled isotropic steels containing little 
silicon and having optimum combination of magnetic properties. Experience 
showed that they are better than foreign marks and permit a 10-percent re- 
duction of energy losses in motors, while the magnetic induction is increased 
by 2-3 percent. Production of the new types of steel was organized on ex- 
isting equipment of the Cherepovets s_tallurgical Plant without a special 
increase of capacities and was then organized at other plants within short 
order. 





A process of smelting steels in large arc furnaces with bucket treatment 
outside the furnace has been developed which provides low content of 
harmful impurities--nitrogen, oxygen and carbon--and high stability of 

the chemical composition. The optimum ranges of silicon, aluminum and 
phosphorus content in the steel have been determined. This provides for 
high magnetic properties and facilitates cutting of parts. A method of 
continuous teeming of the new marks of steels has been developed. Processes 
of hot and cold rolling and heat treatment have been developed which permit 
improvement of the configuration of the strips, the magnetic and mechanical 
properties and surface quality. 


Roll steel of these marks is used in the electrotechnical industry to manu- 
facture electric motors--asynchronous general industrial motors, traction, 
crane, service and other series. Steel of the developed class made it possible 
to improve fundamentally the manufacture of the magnetic circuits of motors, 
to reduce metal wastes and to improve the characteristics of dynamoelectric 
machines. Productivity in cutting articles was raised by a factor of 2-3 
due to using production flow lines and automation of them. The occupation 
of stamp operator has been eliminated and labor has become safe. The util- 
ization factor of metal in the new series of electric motors has increased 
by 18-25 percent while copper and aluminum consumption was reduced by 6-10 
percent. This is the result not only of reducing wastes, but also due to 
reducing the specific capacity of the motors of the new series and of reduc- 
ing the consumption of wound materials. The total production of electric 
motors with capacity up to 100 kilowatts of all series was increased by a 
factor of 1.6 without an increase of metal consumption. 


The output of obsolescent hot-rolled dynamo steel hes now been reduced by 
more than a factor of 2.5 and conditions have been crea ed for complete elim- 
ination of it. The national economic effect due to production and use of the 
new class of isotropic electrotechnical steels comprised 34 million rubles 
during 1978 alone and exceeded 120 million rubles since the beginning of 
introduction. 


The creative collective has solved an important national economic problem 
within short deadlines due to modern organization of investigations. The 
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production processes of steel manufacture at metallurgical plants and the 
use of them at electrotechnical enterprises and requirements on the proper- 
ties of metal as a function of service conditions were developed jointly by 
scientists and specialists of different sectors. 


Material with a high level and combination of magnetic properties has been 
produced, which permits its use in motors of mass unified series and develop- 
ment of new, more improved dynamoelectric machines. This is an important con- 
tribution to scientific and technical progress of metallurgy and electrical 


engineering. The work has quite deservedly been submitted for the State 
Prize of the USSR. 


[3-6521] 
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USSF UDC 620.186:620.17:669.14.018.252.3 


STRUCTURE AND PROPERTIES OF FAST-CUTTING STEELS AS A FUNCTION OF THE COOLING 
RATF IN THE PRIMARY CRYSTALLIZATION TEMPERATURE RANGE 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Russian No 6, 
1979 pp 44-46 


GELLER, YU. A., deceased, KREMNEV, L. S. and SALMANOV, N. S., Moscow Machine 
Tool and Instrument Building Institute 


[Abstract] A study is made of the influence of the cooling rate on the struc- 
ture and properties of R6M5K5 and R9M4Kh steel in the poured state and after 
deformation. A change in the cooling rate has a strong influence on the 
structure of fast-cutting steels, i.e., om the size of the primary grain, the 
structure and thickness of the eutectic network and the dimensions of carbides. 
Developments in recent years have made it possible to increase considerably 
the cooling rate of molten fast-cutting steel in the primary crystallization 
temperature range. It has also been possible to increase the rate of crystal- 
lization by atomizing molten metal in vacuum with the formation of dispersed 
powder particles. In ingots produced by the usual process, the size of the 
grain and thickness of the eutectic network of carbides are reduced almost 
proportionally to the cooling rate, which increases with a reduction in the 
diameter (weight) of the ingot in the range of from 200 mm to 30 mm. The 
structure of the steel in terms of cross section differs strongly for large 
ingots 200 mm in diameter, where the size of the grain (crosswide) is 40 to 

45 microns at the center of the ingot, 25 to 30 microns at a distance of 0.5R 
from the center and 12 to 15 microns at the surface. With a faster cooling 
rate, i.e., with an ingot 90 mm in diameter, the grain is refined further 

and measures 20 to 25 microns at the center and eight to 10 microns at the 
surface. With an increase in the cooling rate and the production of fine 
grain, the thickness of the eutectic network is reduced. This is associated 
chiefly with the refinement of primary grains. Carbide inhomogeneity with a 
40 percent draft was reduced by one to 1.5 arbitrary units as the cross sec- 
tion of an ingot is reduced from 200 to 30 mm. The greatest changes in struc- 
ture are observed at the maximum cooling rate of 104 to 105 deg/s, achieved 

in atomizing molten metal in an atmosphere of an inert gas. In this case 
powder particles measuring less than 600 microns in diameter are formed in 
R6MSKS5 steel. A considerably smaller number of eutectic mixtures are formed 
in the powder particle structure of fast-cooled steel than in steel of the 
same composition but slow-cooled. Excess carbides are therefore almost not 
observed. X-ray structural analysis confirmed that the structure of powder 
particles consists of martensite and residual austenite. The differences in 
structure caused by the change in crystallization conditions influence the 
strength and ductility of steel. The strength and ductility of steel ‘ormed 
from atomized powders are two and three to 3.5 times higher than in ordinary 
steel. Increasing the cooling rate of fast-cutting steel at the primary 
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crystallization temperature results in finer grain and a reduction in the 
size of carbides. At the maximum rate reached in atomizing molten steel, 
part of the carbon and alloying elements does not go into the eutectic mix- 
ture, and the most highly dispersed carbides are removed from the solid solu- 
tion in subsequent roasting. Figures 4; references 2 (Russian). 


USSR UDC 620.186:669.14.018.252.3 


CHANGE IN THE COMPOSITION AND STRUCTURE OF EUTECTIC CARBIDES IN HEATING OF 
FAST-CUTTING STEELS 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Russian No 6, 
1979 pp 41-44 


MOSHKEVICH, L. D., KURASOV, A. N. and YEVLAMPIYEVA, N. YE., Ukrainian Sci- 
entific Research Institute of Special Steels, Alloys and Ferroalloys 


[Abstract] The results are given of an investigation of the structure, com- 
position and change in structure of eutectic carbides during heating in steels 
RL2M3F2K8 and R12F5M in the cast state, for the purpose of determining the 
parameters of step-by-step high-temperature treatment (SVTO) of ingots, a 
method used to improve the ductility of complex-alloy fast-cutting steels 
containing 12 percent W. Specimens for study were cut from commercial in- 
gots weighing 590 and 270 kg. The structure of eutectic carbides was stud- 
ied with a "Stereoskan-S4" scanning electron microscope. For this purpose 

a deep etching method was developed, by means of which an undisturbed carbide 
phase was left on the surface of the specimen. Etching was performed to a 
depth of about 1 to 2 mm with an electrolyte consisting of one liter of 

water containing 100 ml of concentrated HCl, 50 g of LiCl and 30 g of citric 
acid. The current density employed in etching varied, depending on the steel, 
from 0.5 to 1.5 A/cm2, and the etching period lasted 15 to 45 min. The speci- 
men was boiled in a five percent soda solution to remove the reaction products 
from the etched surface. The composition of carbides was studied with a Came- 
ca MS-46 microanalyzer. Pure metals were used as standards. It was found 
that in steels with 12 percent W, unlike other fast-cutting steels, carbide 
inhomogeneity is observed, caused by the fact that during crystallization a 
eutectic mixture of varying composition is formed over the cross section of 
the ingot. In the axial zone skeleton-type MgC eutectic carbides are formed, 
and in the peripheral zone, fan-shaped type M9C. In high-temperature heating 
these carbides have a different mechanism and temperature range for spheroidi- 
zation. Carbide Me6C spheroidizes at 1260 to 1280°C as a result of the break- 
ing down and subsequent coalescence cf lamellae (spikes) of the carbide skele- 
ton. Eutectic carbide M2C, prior to the first breakdown stage, undergoes 
carbide transformation with the formation of carbides of type MgC and MC. 
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Because of these features, it is concluded that SVTO cannot be used to re- 
duce carbide inhomogeneity in fast-cutting steels with 12 percent W where 
both types of carbides exist, since for the purpose of spheroidizing MgC 


carbides in the axial zone of ingots, it is necessary to reach a temperature 
of 1260 to 1280°C, at which the peripheral zone of ingots with a carbide of 
the MoC type melts. It is recommended that a low-temperature SVTO mode be 
used for these steels, with a maximum heating temperature of 1230°C, thus 
making it possible to improve the quality and ductility of the peripheral 
zone of the ingot. Figures 5; references 7: 4 Russian, 3 Western. 


USSR UDC 539.4 
FRACTOGRAPHIC FEATURES OF FRACTURE OF STEEL 12Kh18N9 IN THERMAL FATIGUE 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, 1979 pp 16-19 manuscript received 
25 Dec 77 


DROBOT, YU. B., KORCHEVSKIY, V. V., LAZAREV, A. M. and RYBKA, S. I., 
Khabarovsk 


[Abstract] The results are given of thermal cyclic loading tests in the range 
of 100 to 600 and 100 to 700°C, performed on tubular samples of 12Kh18N9 stain- 
less steel measuring 16 mm in diameter with a wall thickness of 1 mm, for che 
purpose of studying regularities in the development of fracture in thermal 
cyclic tests arrived at on the basis of analyzing the structure of thermal 
fatigue fractures. Samples fractured after 1000 to 3000 cycles, depending on 
testing conditions. Fractographic studies of thermal fatigue fractures were 
performed with a UEMV-LOOK transmission electron microscope and an REMN-2 
scanning electron microscope. The method of simple carbon replicas was em- 
ployed to study typical features of the microrelief, and patterns in varia- 
tion of the microrelief of the fracture along the length of the main crack 
were studied by the target preparation of replicas and scanning of the point 
of removal of the replica with a scanning microscope. Two types of fracture 
were produced: fatigue fracture, representing develonment on the outside 
surface of one or two cracks without noticeable change in diameter of the 
sample; and quasi-static, representing a change in the diameter of the sample 
and then rapid slitting of it. Capilllary internal flaw detection revealed 
that the main crack forms in the inside surface and spreads to the outside 
surface of the sample. Four zones were i:olated, regardless of the fracture 
variation: the origin of fracture, fatigue development of the crack, the 
complete break zone, and a shear zone. The number and dimensions of fatigue 
crack development zones determine the difference in the structure of fracture 
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in samples where fracture is of a fatigue or quasi-static nature. The struc- 
ture of these four zones is discussed in detail. The results of a fracto- 
graphic analysis of thermal fatigue make it possible to represent the process 
of fracture in thermal cyclic loading as consisting of four stages. The long- 
est stage is the first one, in which statistically distributed cracks appear 
on the inner surfaces of the sample, which are formed as a result of corrosion 
cracking under stress, of which brittle failure is typical. This stage repre- 
sents in duration 91 to 93 percent of the total number of cycles. At the 
second stage individual corrosion cracks grow for 30 to 40 cycles and then 
merge into a single corrosion crack. The third stage is the stage of fatigue 
and consists of two steps, in the first of which the crack evolves stably, 

and in the second several fatigue cracks form and develop in several sections 
and then a considerable acceleration in growth of the crack occurs, terminat- 
ing in catastrophic spreading of the main crack. The fourth stage is that 

of thermal fatigue fracture. It has therefore been determined that the ini- 
tiators of failure under these conditions are corrosion cracks, and that the 
fracture of stainless steel under thermal cyclic loading is a complex process 
taking place in four stages and having several sources of fracture evolution. 
Figures 3; references 7: 6 Russian, 1 Western. 


USSR UDC 669.788 


FFFECT OF LOW-CYCLE LOADING FREQUENCY ON THE LONG-TIME STRENGTH OF STEELS IN 
A HYDROGEN ATMOSPHERE 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, Mar 
79 pp 109-110 manuscript received 15 Feb 78 


ROMANIV, A. N., Physico-Mechanical Institute, Academy of Sciences Ukrainian 
SSR, L'vov 


[Abstract] Martensitic 20Kh13 and austenitic 12Kh18N9T stainless steels were 
used to study the effect of low-cycle load (LCL) on low-cycle fatigue (LCF) 
in a hydrogen atmosphere. The first steel was air quenched from 1000-1150° 
and tempered at 670°; the second steel was water quenched from 1100-1150°. 
Tests were conducted under constant amplitude pure bend in hydrogen at a 
pressure of 10> Pa and in a vacuum at 20°C using a frequency of 50 cpm. The 
deformation amplitude for the first steel was 2.5% and for the second steel-- 
1.6%. The durability of both steels increased with increasing cycle frequency 
in a vacuum. However, the first steel's fatigue strength was diminished in 
hydrogen while the second steel showed the same results as when tested in a 
vacuim. It was concluded that the degree of hydrogen embrittlement, caused 
by hydrogen chemisorption, can depend not only on the rate of hydrogen supply 
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into the most dangerous zone of a sample, but also on the nature of deforma- 
tion, which is determined by the change in loading frequency. Figures 2; 
references 9: 6 Russian, 3 Western. 


USSR UDC 532.539 
ON THE USE OF THE VIBRATIONAL EFFECT OF MIXING FOR HARDENING STEELS 
Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 246 No 6, 1979 pp 1356-1359 


GANIYEV, R. F., Corresponding Member of the Academy of Sciences USSR, FROLOV, 
K. V., KOBASKO, N. I. and LAKIZA, V. D., manuscript received 8 Feb 79 


fAbstract] This study documents the feasibility of using an excited resonance 
regime of vibrational mixing in the quenching medium to make the process of 
heat exchange more efficient. This results in an intensification of the mar- 
tensite conversion and permits a significant upgrading of the strength proper- 
ties of the steels. Experiments were conducted using samples 70 mm long and 
12 mm in diameter of Kh18N9T and cther steels, which were heated to 100-200°C 
and then cooled using a variety of regimes. The coefficient of heat transfer 
for an agitated air-water system was 3 to 5 times that for a quiescent system 
and 2 to 3 times in a two-phase water-liquid nitrogen system. Tables list 

the actual coefficients together with values for the strength and the elonga- 
tion of the samples. Figures 2; references 5 (Russian). 
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USSR UDC 669.187:669.15'779'292 -- 196:66.094.34 


SOME FEATURES OF ELECTRICAL SMELTING OF STEEL USING A FLUID INTERMEDIATE 
PRODUCT THAT ALLOYS NATURALLY WITH VANADIUM 


Moscow IVUZ. CHERNAYA METALLURGIYA in Russian No 4, 1979 pp 37-43 manuscript 
received 29 Nov 78 


SMIRNOV, L. A., DERYABIN, YU. A., ARZAMASTSEV, YE. I., DOVGOLYUK, L. V., 
and KULIKOVA, L. P., Ural Scientific Research Institute for Ferrous Metals, 
Sverdlovsk 


[Abstract] A 0.5-ton electric arc furnace was charged with 10 test smelts 
using an intermediate product with the composition of 1.06-1.56% C, 0.05- 
0.13% V, and 0.035-0.080% P alloyed with steel. The initial temperature 

at charging was 1480-1650°C. Steels of the types 55-60S2 and tubular steel 
2?0tr were used. Samples were taken and temperatures recorded throughout 

the course of the experiments. Results confirmed the model for phosphorous 
oxidation proposed by V. A. Kozheurov. Petrographic study of the slag showed 
that where more than 0.4-0.6% vanadium oxide was present, clusters that re- 
tarded the activity of vanadium oxides formed. The behavior of cations and 
anions in the products obtained indicates that thorough extraction of vanadi- 
um is accomplished by maximum slag production in the converter and use of an 
intermediate product with residual vanadium concentration below 0.02-0.042. 
Figures 3; references 10: 8 Russian, 1 English, 1 German. 


USSR UDC 539.4:536.453 


ON THE EFFECT OF THE CYCLIC COMPONENT OF LOADING ON THE CHARACTERISTICS OF 
LONG-TIME STRENGTH OF Kh18N10T STEEL AT ELEVATED TEMPERATURES 


l.'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, 
Mar 79 pp 64-66 manuscript received 26 Jun 78 


MAKSIMOVICH, G. G., PAVLINA, V. S., KUDLAK, S. M., SAYCHIN, B. M., Physico- 
Mechanical Institute, Academy of Sciences Ukrainian SSR, L'vov 


[Abstract] Khl18N10T steel was subjected to static and variable loads at 500, 
650 and 800°C in an argon medium to study long-time strength, ductility and 
nature of fracture under conditions of static and cyclic creep. At 500°C 

and a load of 37 kgf/mm? the time to failure for static loading was 62.5 
hours, and for dynamic loading--9.2 hours. Under a load of 34 kgf /mm2, these 
times were 99.0 and 30.3 hours, respectively. At 650°C the effect of the 
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variable component of loading is diminished and an inverse effect is noted: 
at large stresses (for small test bases) the strength of cyclic loaded sam- 
ples is greater than that of static loaded samples; for small stresses (large 
test bases) the situation is inverse. For a load of 26 kgf/mm2, the time to 
failure for static load is half that for a dynamic load, while for a stress 
of 13.5 kgf /mm2, the time is 1.5 times greater for the static load. At 800°C 
the effect of the variable component is almost eliminated. For long-time 
ductility at 500° the statistically loaded samples are better. At 650°C the 
inverse is true again. At 800°C this ductility grows sharply in comparison 
with its values at the lower temperatures and is related to dynamic recovery 
and recrystallization. At 500° fracture occurs from the development of wedge- 
shape cracks and pores. At 650°C this steel, as a precipitation on hardening 
alloy, undergoes precipitation of secondary phases. During cyclic loads the 
second phases form sooner and coalesce and their strength is less than that 
under static load. Diffusion processes take place at 800°C, resulting in 
multiple slip processes near the grain boundaries which, in conjunction with 
secondary-phase precipitation, provides growth in the characteristic of long- 
time strength. Figures 2; references 12: 5 Russian, 7 Western. 





USSR UDC 620.170.01 


EVALUATION OF THE CRACKING RESISTANCE OF THERMALLY HARDENED 40Kh STEEL IN 
SEA WATER 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, Mar 
79 pp 60-63 manuscript received 23 Dec 77 


MAGDENKO, A. N., VORONIN, V. P., SHUL'TE, A. YU. and SILAYEV, I. I., Physico- 
Mechanical Institute, Academy of Sciences Ukrainian SSR, L'vov 


[Abstract] A study was made of the effect of sea water on resistance to 
brittle fracture of 40Kh steel in the hardened state. Girder samples measur- 
ing 8 x 12 x 190 mm (b x h x L,) were oil quenched from 850°C and then tem- 
pered by three modes (180° and 2.5 hours; 350-380° and 1 hour; and 500°C and 
1 hour). These heat treatments produced martensite, troostite and sorbite 
microstructures, respectively. After each sample was V-notched, they were 
loaded to 0.5P, and exposed for 50 and 1000 hours to laboratory air and sea 
water. In sea water none of the samples from the first two heat treating 
modes could sustain the load, and samples from the first mode fractured 
within 0.5-1.0 hours. For the 1000-hour test the load was reduced to 0.3Px%, 
but even so the samples from modes I and II fractured prematurely. All the 
samples from mode III sustained the load for the full 50 and 1000 hours in 
sea water. Thus, the martensite and troostite structured steel cannot stand 
up to sea water corrosion while the sorbite structure manages to survive the 
damaging effects of sea-water corrosion much hetter due to the beneficial 
effects received from higher-temperature tempering. Figures 3; references 
10: 7 Russian, 3 Western. 
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USSR UDC 620.178.38:539.4 


ON A COMPARISON OF BENDING ENDURANCE AND TENSILE-COMPRESSIVE ENDURANCE OF 
HIGH-TEMPERATURE NICKEL ALLOYS 


Kiev PROBLEMY PROCHNOSTI in Russian No 7, Jul 79 pp 11-15 manuscript received 
26 Jul 78 


SINAYSKIY, B. N. and POGREBNYAK, A. D., Kiev 


[Abstract] Studies were made to determine the influence of the form of the 
stressed state on the fatigue strength and durability of high-temperature 
nickel alloys. Fatigue was compared under conditions of symmetric bending 
with rotation and under conditions of alternating tension and compression 

on deformable EI867 alloy (at temperatures of 20, 600, 900 and 950°C), cast 
VZhL12U alloy (at 600 and 900°C) and cast ZhS6K alloy (at 900 and 1000°C). 
The bending tests were done on NUM machines under a load variation rate of 
50 Hz with a test base of 20-200 million cycles (approximately 100-1000 
hours). The tensile-compressive tests were done on MIR-ST machines at 35 Hz 
with a test base of 10-50 million cycles (80-400 hours). The results showed 
that the fatigue limit for high-temperature nickel alloys under conditions 
of symmetric tension-compression was lower than that for pure bending with 
rotation throughout the range of investigated endurances and temperatures. 
The relative difference between the fatigue limits for the two kinds of load- 
ing increased with an increase in the test base. The way that this relative 
difference varied with the test base was determined by the test temperature, 
and the magnitude of the difference was determined mainly by the type of 
alloy. Figures 3; references 10 (Russian). 
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Titanium 


BRIEF 


SINTERED TITANIUM PRODUCTS--Production of just one ton of sintered titanium 
products saves more than 130,000 rubles. Such substantial savings are 
achieved primarily due to an extended service life and high coefficient of 
metal utilization. A broad spectrum of new structural materials has been 
developed at the Perm’ Polytechnic Institute. [Text] [Moscow 
SOTSIALISTICHESKAYA INDUSTRIYA in Russian 9 Aug 79 p 4] W324 


CSO: 1842 
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USSR UDC 620.193.41 
TITANIUM ALLOY HYDROGEN ABSORPTION AT ELEVATED TEMPERATURES AND PRESSURES 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, Mar 
79 pp 38-41 manuscript received 4 Jan 77 


SUKHOTIN, A. M., ANTONOVSKAYA, E. I., SGIBNEV, YE. V. and SHUL'MAN, A. K., 
State Institute of Applied Chemistry, Leningrad 


[Abstract] Absorption of hydrogen was studied in VTl-1, AT2, OT4, VT6S and 
STl titanium alloys at temperatures of 200-600°C and pressures up to 10,000 
kPa. A special unit was designed which was equipped with a high vacuum sys- 
tem and a system of purifying high pressure hydrogen. The rate of alloy gas 
saturation was determined by the amount of occluding hydrogen per unit time 
for periods of 0.5 to 48 hours. It was found that VTl-1 alloy suffered the 
most absorption with lesser degrees of absorption following for the alloys 
as listed above. STl alloy absorbs less hydrogen due to the alloying con- 
stituents which form solid solutions that prevent the formation of titanium 
hydride. Hydrogen absorption by titanium alloys can be described by equa- 
tion C = Ky (1 - e7X2 *) where C is hydrogen content (weight %) in the metal 
at a given moment, K) and K> are constants, and Tt is saturation duration. 
The greater the exp sure temperature to hydrogen, the greater the amount of 
hydrogen that will be absorbed, ranging from 0.0185 at 300° to 12.41 at 450° 
for VTl-1 down to 0.0053 at 300° to 3.22 at 450° for STl. Figures 3; refer- 
ences 9: 5 Russian, 4 Western. 


USSR UDC 669.295.788.5:669 .017.11 


EFFECT OF FYDROGEN ON THE STRUCTURE A™“D PHYSICAL PROPERTIES OF ALPHA-TITANIUM 
ALLOYS 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 15 No 3, Mar 
79 pp 24-30 manuscript received ?7 Mar 78 


NAZIMOV, 0. P., IL'IN, A. A., MAL'KOV, A. V. and ZVONOVA, L. N., Moscow Avia- 
tion Technology Institute imeni K. E. Tsiolkovskiy 


[Abstract] In a study of the effect of hydrogen in VTl titanium and VTS 
titanium alloyed with aluminum or other alpha-stabilizers it was determined 
that all the alpha-modifiers decrease the solubility of hydrogen. The true 
solubility of hydrogen in VTl is 0.003% and in VT5--0.002%; however, when 
additional hydrogen is available, up to 0.01 and 0.03%, hydrides are 
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precipitated to form a supersaturated solid solution. The broad cegions of 
single-phase solid solution in VTl and VTS have been associated with the 
features of structure formation when the alloys were cooled and with the 
hydrogen "cuasi-ion” being controlled by diffusion mobility which in turn 
depends on the degree of alloying and electron structure of the titanium 
matrix. With a higher degree of electron localization and strength of inter- 
atomic bonding in the matrix the activation energy will be greater and the 
diffusion mobility lower. In the process of cooling these alloys, diffusion 
redistribution of hydrogen does not take place, which leads to the formation 
of supersaturated alpha-solutions. This is more pronounced in titanium alloys 
than in technical titanium (VTl). The reason for loss of ductility for ex- 
treme’y small hydrogen contents is the hydride phase. The aluminum does not 
generally lower the tendency to hydrogen embrittlement, only the tendency to 
hydrogen brittleness of the first order. Figures 3; references 15: 11 Rus- 
sian, 4 Western. 


USSR UDC 669.295:539.56 
EFFECT OF TEXTURE ON THE ANISOTROPY OF THE IMPACT STRENGTH OF TITANIUM ALLOYS 


Moscow IAN SSSR. METALLY in Russian No 4, Jul/Aug 1979 pp 154-159 manuscript 
received 18 Jul 78 


BETSOFEN, ©. YA., SUNIN, L. A., IL"IN, A. A. and SUKHORUKOVA, L. I., Moscow 


[Abstract] While it is known that the impact strength of Ti alloys may vary 
by a factor of several times depending on the orientation of the test speci- 
men, the relationship of the anisotropy of impact strength to the features 

of the plastic flow of «-titanium has not previously been investigated. In 
this connection the texture and impact strength of industrial 6-mm sheets of 
VT5-1 single-phase a-alloy of titanium and VT6S and VT14 two-phase (a +8) Ti 
alloys were investigated. The nature of the orientation dependence of impact 
strength was determined on the basis of compression tests of monocrystals of 
VT5-1 alloy with various orientations at 4.2-293°K, In VT5-1 and VT6S alloys 
with basis-type texture the minimum impact strength was recorded for face- 
notched specimens with "twin" orientation, while the maximum impact strength 
was recorded for side-notched specimens with prismatic slip orientation. The 
low plasticity of "twin" orientation in the compression of monocrystals along 
the c-axis or in impact bending of face-notched sheet specimens with basis 
texture is due to the attendant obstacles to the relaxation of the high in- 
ternal stresses arising during twinning. The anisotropy of the impact strength 
of the VT14 alloy is probably due to the combined effect of crystallographic 
and mechanical textures. It can be concluded that the determination of tex- 
ture is needed for a full evaluation of the mechanical properties of semi- 
finished titanium-alloy products, and that the prismatic texture of sheet 
rolling is optimal from the standpoint of impact strength. Figures 7; ref- 
erences 6: 3 Russian, 4 Western. 
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USSR UDC 620.178.3:620.172.2 
SHORT-TIME FATIGUE OF TITANIUM ALLOYS VT3-1 AND VT22 UNDER REPEATED TENSION 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, 1979 pp 13-16 manuscript received 
2 Nov 77 


YEREMIN, YU. A., KLEBANOV, YA. M., MATVEYEV, V. YE. and TIMOFEYEV, M. I., 
Kuybyshev 


[Abstract] Titanium alloys VT3-1 and VT22, although they have close mechani- 
cal characteristics and are used for making parts of the same type, neverthe- 
less have been shown to behave differently when used under conditions of 
short-time loading. The results are given of experiments conducted for the 
purpose of making it possible to select a material appropriate for specific 
working conditions. The results are given of a study of the properties of 
these titanium alloys under conditions of short-time push-pull loading at 
room temperature and temperatures close to it. Diagrams of strains and of 
the evolution of stresses and strains over time were recorded. Samples of 
each material were made from rods measuring 25 mm in diameter. These rods 
were heat treated by annealing and cooling in air. Short-time tensile tests 
were made at a rate of straining of 4 to 5 m/min. At 25°C alloy VT22 is 
characterized by somewhat greater strain hardening than alloy VT3-1, but with 
an increase in temperature this difference is reduced with a simultaneous re- 
duction in hardening of both alloys. The ratio of the nominal creep limit 

to tensile strength is not lower than 0.85 over the temperature range studied, 
which equals the ratio for titanium and its alloys at room temperature. A 
characteristic feature of creep in alloy VT22 at 175 and 200°C is that it is 
practically stopped several hours after application of stress and 90 percent 
of all the strain is accumulated in 5 to 7 min. This is explained by the 
fact that with a rise in temperature its mechanical characteristics are re- 
duced more rapidly than its resistance to creep. At 25°C and with a stress 
equal to its yield stress, alloy VT22 has a non-zero rate of steady-state 
creep, which is lower than the rate of steady-state creep for alloy VT3-l 
under the same conditions. Curves are shown for the increment in creep flow 
for alloys VT3-1 and VT22 in short-time loading from zero, where a comparison 
is made between values from the hardening theory, values from the flow theory 
and from a nonlinear hereditary model. It is shown that the equations of the 
nonlinear hereditary model (Klebanov, 1975) better reflect the behavior of 
creep flow in cyclic loading. Creep in alloy VT22 under conditions of short- 
time loading from zero at 175 and 200°C is practically stopped after the same 
time under a load as in matching steady-state tests, where approximately 
identical strains are accumulated. It is recommended that the flow hypothe- 
sis be used as the most simple one for describing flow straining of alloy 
VT22 under these conditions. Alloy VT22 thus has greater resistance to creep 
both under a steady-state and cyclic load than does VT3-1. Figures 3; ref- 
erences 8: 6 Russian, 2 Western. 
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Welding 


BRIEFS 


AIRLOCK INERT-GAS WELDING--Many alloys cannot de welded in the presence of 
air. At high temperatures they oxidize immediately. In such cases they are 
welded in chambers filled with an inert gas. It is understandable that the 
chamber environment had to be restored after each loading and unloading 
operation. A new chamber with an airlock device is a different story: the 
chamber can be reloaded six or seven times with new workpieces without 
replacing the shielding gas. As a result labor productivity increases a 
minimum of 50%. At the same time consumption of shielding gas (argon) is 
reduced, Workpieces up to 180 mm in diameter and up to 250 mm in length can 


be welded in the new chamber. [Text] [Moscow SOTSIALISTICHESKAYA INDUSTRIYA 
in Russian 9 Aug 79 p 4) 3024 


CSOs 1842 
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USSR UDC 621.791.72:621.373.826:621.745.5 
PFFECT OF METAL ROUCHNESS ON THE DEPTH OF MELTING DURING PULSE LASER WELDING 


Kiev AVTOMATICIESKAYA SVARKA in Russian No 5, May 79 pp 41-42 manuscript 
received 10 Jul 78 


BASHENKO, V. V., (Leningrad Polytechnical Institute), and GOL'TSOVA, V. P., 
Candidates of Technical Sciences, and BATKIN, YE. S., Engineer, Voronezh 


[Abstract] An attempt was made to determine the relationship of melting 
depth to degree of surface roughness from the action of a laser beam in the 
mode of a subcritical flux density. Samples of 12Kh18"10T steel were surface 
treated with emery cloth of varying grain size. These optically smooth sur- 
faces showed that the reflection coefficient depends on the magnitude of h 
(h - variance in roughness) and, even for uniform exposure, the reflection 
coefficients and density of the thermal flux are nonuniformly distributed, 
but the excess temperature at the bottom of a low point is higher than the 
corresponding apex points. Evidently, melting of a rough surface starts 
later than for a smooth surface owing to equalization of the peak and valley 
temperatures. At the same time the reflection coefficient is lowered with 
increased material temperature due to a decrease in the mobility of free 
electrons. It is probable that with increased microroughness height the 
reflection coefficient is lowered more slowly. At a constant pulse duration 
there is a diminished fraction of absorbed energy and, consequently, dimin- 
ished melting depth. Figures 1; references 7: 6 Pussian, 1 Western. 


USSR UDC 621.791.753.9 
INCREASING THE QUALITY OF ALUMINUM ALLOY FLANGE WELD JOINTS 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 5, May 79 pp 43-44 manuscript 
received 30 May 78 


TSOY, V. V., Candidate of Technical Sciences and ALEKSEYEV, YE. A., Engineer 
(All-Union Institute of Light Alloys), and RABKIN, D. M., Doctor of Techni- 
cal Sciences (Institute of Electric Welding imeni Ye. 0. Paton, Academy of 
Sciences UkrSSR) 


[Abstract] The results of developing the industrial technology of welding 
flange joints using l-mm-thick sheets of AMg2P are presented. Four variants 
of welding were used: 1) pre-cleaned without a filler, 2) pre-cleaned with 
a filler, 3) without cleaning and without a filler and 4) by the new tech- 
nology, which consisted of degreasing the materials and joining them with 
one overlapping the other by 3-4 mm. Mechanical testing consisted of 
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pulling the welded shect, with an initial opening of 15°, apart to an angle 
of 70-75° and than returning them to the initial position. This was done at 
a frequency of eight times per minute. The number of cycles to failure 
amounted to 6-7, 6-7, 18-29 and 20-22 for the four variants. As can be seen, 
the new technology provides a higher strength weld joint since no oxide films 
form in the seam. Figures 2; references 4 (Russian). 


USSR UDC 621.791.01:669.017.3 


PHASE TRANSFORMATIONS AND BOUNDARY FORMATION OF TITANIUM CRYSTALLITES 
DURING WELDING 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 6, 1979 pp 26-29, 32 manuscript 
received 16 May 78 


ABRALOV, M. A. and ABDURAKHMANOV, R. U., Candidates of Technical Sciences, 
Tashkent Polytechnical Institvte 


[Abstract] Kinetic features in primary crystallization, the conditions of 
crystallite boundary formation of largely secondary types, the nature of 
polynorphic transformation, and the relation of primary and secondary titani- 
um structures are discussed. As the weld spot hardens the crystallization 
front has a flat, porous, dendrite structure. In titanium, polymorphic 
transformation is accompanied by the appearance of a spiny structure similar 
to steel martensite. Other features of primary crystallization during cool- 
ing and polymorphic transformation of titanium are discussed, such as the 
plastic deformation and creep that occurs at high temperatures. Figures 3; 
references 5 (Russian). 
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USSR UDC 621.791.01:620.192.46 


AN INVESTICATION OF THE FRACTURE SURFACE OF HEAT FRACTURES IN WELDED JOINTS 
OF ALUMINUM ALLOYS 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 6, 1979 pp 21-25 manuscript ini- 
tially received 16 Dec 77, in revised form 15 Jun 78 


MIRCNENKO, V. N. and K'’)RTASOVA, L. A., Engineers, POLYANSKIY, V. M., Candi- 
date of Technical Sciences, and YEVSTIFEYEV, V. S., Engineer, Moscow Oblast 


[Abstract] The nature of surface fractures of aluminum alloys was studied 

in an attempt to establish general parameters for ‘dentifying such fractures 
at any stage of production and use. The alloys tested had a wide range of 
tendencies toward fracture. Samples cut after welding and examined micro- 
scopically displayed rounded formations that were most distinct at the be- 
ginning of the fracture. This dendrite pattern and its variations are de- 
scribed and then used in analyzing fractures. Electronic fractography was 
used to determine that such fractures apparently do not reduce the useful- 
ness of articies if the welding process is controlled. Figures 4; references 
2 (Russiar). 
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Miscellaneous 


ADVANCES IN EXPLOSIVE STRENGTHENING OF METALS REPORTED 
Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian No 211, 13 Sep 79 p 6 
fArticle by V. Istomin: "The Explosion and Switches"] 


[Text] The efforts of the scientists at the Institute of Fydrodynamics, 
Siberian Department of the Academy of Sciences USSR in the area of the explo- 
sive welding and strengthening of metals are known throughout the world. Re- 
cently a new step in the use of this promising technology was taken. The 
first factory workship in our country for strengthening items in explosion 
chambers was put into operation in Novosibirsk. 


...This chamber is similar to a large can placed on its side. Instead of a 
top, there is a massive steel hatch. It opens and closes with the aid of a 
powerful hydraulic system. And for good reason! Inside the chamber, a pres- 
sure of hundreds [sic] of atmospheres is created at the moment of explosion! 
"Now I will show you how this all takes place," says Viktor Zakharov, an en- 
gineer at the Institute of Pydrodynamics, Siberian Department of the Academy 
of Sciences USSR, and he presses a button on a control panel. The hatch, 
slowly, seemingly unwillingly, moves aside and a sooty plate rolls out on 
guide rails from the bowels of the chamber. 


continues Zakharov. “In this case, 


"The part is mounted on this plate here,’ 
as you see, it is the center core of a railroad switch frog...’ 


Remember how the wheels rumble across the switches, jumping from one track 

to the other. It is not surprising that railroad switches are the most vul- 
nerable “part’ of the track. How can their service life be extended? Until 
explosive technology came to our assistance, it had been practically impossi- 
ble to solve this problem. It is not surprising that the first workshop in 
the country, where we are now, was created right at a switch plant in Novosi- 
birsk. 


And so, the rail core, the most responsible part of the switch, and which re- 
ceives impacts from the wheels, is on the plate. The worker sticks a layer 
of flexible plastic explosive on its surface. The plate and the part move 
into the chamber, the hatch closes, a button is pressed and a dull, short 
blast, as if someone had struck an anvil with a hammer, resounds. 
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"That's it," smiled V. Zakharov. "The strengthening process took only sever- 
al minutes in all, and the switch with this core will serve one and a half 
times longer at a minimum..." 


What had happened? I addressed this question to the leader of these opera- 
tions, a laureate of the Lenin Prize USSR, Doctor of Physico-mathematical 
Sciences and the chief of the Special Design 3ureau of Hydraulic Pulse Tech- 
nology, A. Yeribas. 


"Have you ever had occasion to observe how a scythe is forged? In doing so, 
as our forefathers discovered, the hardness on the cutting edge of the scythe 
is increased... It is possible to impart maximum strength to the metal using 
two methods: either by achieving an ideal structure of the crystal lattice 
or, conversely, by subjecting it to sharp stress. This very same deformation 
of the surface layer of the metal may be produced using dynamic stresses-- 
sharp blows--particularly by using an explosion. If a pressure impulse of 
100,000 atmospheres acts on the surface of an item for 1/1000,000th of a 
second, the upper layer of the surface becomes several times stronger to a 
depth of up to 40 millimeters. 


The methods of explosive technology are being used first of all for strength- 
eninge high manganese steels. They are the most wear-resistant and therefore 
are used for casting the working parts of mining equipment, building and road 
machinery and stone crushers. Strengthening these parts extends service life, 
increases the reliability of the machines, permits a savings of a scarce 

metal and allows us to avoid frequent repair. As the scientists affirm, the 
new technology may also be used in principle for other types of steels and 

for non-ferrous metals. 
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SHORTAGE OF SCIENTIFIC-TECHNICAL DICTIONARIES DECRIED 





Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian No 177, 3 Aug 1979 p 2 


[Krticle by N. Leonidov, Doctor of Technical Sciences and USSR State Prize 
Winner; A. Tseydler, Doctor of Technical Sciences, Professor and USSR 
State Prize Winner; and B, Gulyanitskiy, candidate of technical 

sciences and USSR State Prize Winners "A Word About Dictionaries"/ 


ftext/ In a recent speech the director of the "RUSSKIY YAZYK" /Russian 
Language/ publishing house, while discussing the publication plan for foreign 
scientific-technical dictionaries, said that there is no shortage because 
"the publishing house does not restrict the number of scientific-technical 
dictionaries..." 


However, let us examine the situation with the publication of these dic- 
tionaries "from below", i.e., with the eyes of the consumer, rather than 
"from above", To avoid a lot of verbiage, we will restrict our observa- 
tions to three kinds of dictionaries, selected as they apply to our special 
fields: metallurgical, polytechnical and physics dictionaries, 


The present avalanche of scientific and technical information is accompanied 
by a rapid and constant quantitative growth of scientific-technical terms, 
It is quite clear that this must be reflected in dictionaries, 


For example, there were 20,000 terms in the English-Russian metallurgical 
dictionary that was published in 1950. A similar dictionary published in 
1974 already contained 60,000 terms; and it was far from complete as it 
did not contain the terminology of newly evolved branches of metallurgy. 


There are 30,000 terms in the French-Russian metallurgical dictionary that 
was published in 1962, It has not been reissued since, And, of course, 
today it is out of date, 


The present volume of information tmt is published abroad each year on 
metallurgy can be illustrated by using the example of the journal of ab- 
stracts, "METALLURGIYA". For 1978 the journal contained these abstracts: 
10,000 from English, 3,600 from German and 1,000 from French, in the pub- 
lished materials there is an enormous number of new terms, A sampling of 
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just 200 sources showed that they contained approximately 4,000 new terms. 
Meanwhile the “"METALLURGIYA" journal of abstracts provides no information 

on catalogs or instructions for assembling and using equipment that is im- 
ported to the USSR, etc. In translating such materials, which must be ex- 
traordinarily precise, one particulary feels the need for up-to-date, com 
plete scientific-technical dictionaries. 


Metallurgical dictionaries are disappearing from the stores as soon as they 
are published; and the contingent of those wishing to use them is growing 
from year to year. 


However, in the projected plan of the “RUSSKIY YAZYK" publishing J.ouse up 
to the year 1990 no provision is made for publishing metallurgical diction- 
aries; moreover, in particular, the refusal to publish the second edition 
of the German-Russian metallurgical dictionary was motivated "by the lack 
of a need to reissue this dictionary." 


The question arises: what sort of dictionaries are metallurgists to use 
in the future? 


A similar situation is being observed for polytechnical dictionaries. The 
Mnglish-Russian polytechnical dictionary was published in 1962 and contained 
75,000 terms; a second expanded edition with 80,000 terms came out in 1971. 
Ever. after expansion the dictionary remained "skimpy", which is plainly de- 
monstrated by comparing its volume with that of the German and French poly=- 
technical dictionaries. In 1976 the third stereotyped edition of the Eng 
lish-Russian dictionary was published, from which 23 pages of needed tables 
were omitted. 


Meanwhile the “RUSSKIY YAZYK" publishing house plans to publish an English- 
Russian polytechnical dictionary in 1985 with 100 units of ens, which is 
less than in preceding editions (the second edition contained 109 units of 
ens and the third edition had 106.7 units of ens). 


The situation with the physics dictionaries is even worse, The English- 
Russian physics dictionary was published in 1968 and contained 60,000 terms, 
In 1972 the second stereotyped edition was released and in 1978 a third 
stereotyped edition was published. Of course, this dictionary is out of 
date = its card index was given to the publishing house in the years 1965 

to 1966. And the field of physics is developing even more rapidly than 

the technical branches of knowledge. 


The cited facts refute the pror.ouncements of the director of the "RUSSKIY 
YAZYK" publishing house about fully meeting the demand with its output of 
scientific-technical dictionaries and attest to the contrary = the pub- 

lishing house is practically ignoring the needs of science and technology. 


We do not know what has brought about the policy of the "RUSSKIY YAZYK" 
publishing house towards scientific-technical dictionaries. General usage 
foreign dictionaries, the content of which does not become obsolete, and 
the amount of which does not require an increase, are regularly reissued 
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every 3 to 4 years, while scientific-technical dictionaries are released by 
the publisning house at intervals of 20 years and more, although they quick- 
ly become obsolete and require supplementing. 


We feel that it is expedient to re-examine the publication plan for scien- 
tific-technical dictionaries by bringing in the interested organizations 
which are engaged in translating scientific-technical literature. 





It is necessary, in our opinion, to reduce the intervals between the publi- 
cation of scientificetechnical dictionaries to 7 to 8 years and to discon- 
tinue the practice of publishing stereotyped editions, 
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SAFETY MEASURES IN FERROUS METALLURGY DISCUSSED 
Moscow IZVESTIYA in Russian No 214, 13 Sep 1979 p 2 


[Article by 0. Chekhomov, Director, All-Union Scientific Research Institute 
of Labor Safety Procedures and Accident Prevention in Ferrous Metallurgy, 
Candidate of Technical Sciences, and G. Vasil'yev, The Institute's Assistant 
Director for Scientific Work, Candidate of Technical Sciences, Chelyabinsk: 
"From the Idea to Incorporation"] 


[Text] Even several years ago the development of accident prevention and 
improvement of industrial hygiene was implied by the phrase “labor safety 
procedures." However, in a speech at the Sixteenth session of trade unions, 
USSR, Comrade L. I. Brezhnev imparted a new direction to this problem, one 

of the most important socio-economic problems: "The Party considers the re- 
equipping of industry, agriculture, construction and transportation, for which 
huge sums are allocated,” he said, “as a decisive means for improving labor 
conditions, for converting all plants into places which are safe and comfort- 
able for man. Our aim may be formulated thus: from accident prevention to 
safe technology. We have taken this path, and will proceed along it without 
deviating." 


Such formulation of the problem is important for all branches of the national 
economy. Such know-how and production methods which will preclude unfortunate 
incidents of a technological nature and occupational illnesses as well as at- 
mospheric pollution greater than the public health standards allow, will be 
necessary everywhere. Scientists, together with engineers, should make a 
great contribution to the solution of this problem. 


Let us take, for example, metallurgy. The development of continuous casting 
machinery is an extremely promising direction in this industry. It is already 
in operation at the Rustavi, Novolipetsk and other metallurgical plants. A 
plasma cutting technique for gas pipe has been developed and incorporated at 
the Chelyabinsk Pipe Rolling Plant. Earlier, this operation had been per- 
formed manually using gas cutting tools. The new processing method made it 
possible for us to release a significant number of workers from heavy and 
dangerous physical labor and to improve the atmosphere in the workshop and in- 
crease labor productivity. 
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It is possible to continue further with examples of the introduction of pro- 
gressive manufacturing methods in the industry. Yowever, if, let us say, 

the Novolipetsk Metallurgical Plant has converted completely to a plugless 
mettod of pouring steel, this progressive method is being incorporated rather 
slowly in che plants in Chalyabinsk oblast. The metallurgists of Magnitogorsk 
have delayed assimilation of an installation for degassing outside of the 
furnace. A production method for pouring steel with thermoinsulating is slow- 
ly being incorporated at the Zlatoust Plant. 


The All-Union Scientific Research Institute of Labor Safety Procedures and 
Accident Prevention in Ferrous Metallurgy was created in our industry ten 
years ago. In spite of its short existence, its members have already been 
able to achieve results. In particular, more than 30 investigations were 
carried out for enterprises in Chelyabinsk oblast. One may note among these 
a device for turning over conveyor belts at the Magnitogorsk combine, sanita- 
tion requirements and programs for designing equipment to improve labor con- 
ditions during the smelting of steels containing lead at the Chalyabinsk 
Metallurgical Plant, industrial testing of new types of work clothing and 
other means for individual protection of the workers of the metallurgical 
plant, as well as an investigation of the levels of noise and vibration at 
the Chelyabinsk Electrometallurgical Combine. 


Unfortunately, incorporation of valuable developments is sometimes postponed 
indefinitely, and several of them are not carried out at all. This happens 
because the service life of new methods before obsolescence, as is known, 
does not exceed eight years and, at times the path from an idea to its reali- 
zation in production here is protracted for a decade or longer. 


Thus it happens that an idea is doomed to die, hardly having been born. 
What must be undertaken? 


In our view, scientific research, design and construction and testing must be 
combined in the same hands. Is it not true that facts such as these are 
fighting for this end? In conjunction with the Scientific Research Institute 
of Metallurgy (Chelyabinsk) we developed a new safety procedure for pouring 
stee! using slag-forming mixtures, but industrial testing and incorporation 
of the techniques encountered a number of difficulties since testing was 
carried out on active equipment of the Chelyabinsk Metallurgical Plant, which, 
naturally, bothered the technologists, and the actual possibilities of the 
innovation were therefore not revealed. Or, for example, an efficient method 
of suppressing dust with the aid of mechanical-air foam. It was planned for 
introduction in the agglomeration factory of the very same plant, but, in 
spite of the fact that the State All-lnion Institute for the Design of Metal- 
lurgical Plants undertakes the planning, it is impossible to overcome the 
resistance of the “operationalists" and incorporate this method, which is 
totally necessary from the point of view both of labor safety and economics. 











During the years of the Tenth five-year plan, the level of mechanization 

and automation of the basic manufacturing processes in the blast furnace, 
steel smelting and rolling plants, as well as in the metallurgical furnace 
repair shops and in a number of sections of the auxiliary services to metal- 
lurgical enterprises has been increased significantly. At the Magnitogorsk 
Metallurgical Combine, for example, incorporation of measures for automation 
of production has lightened the labor of 6,000 men recently, and an addition- 
al 1,900 persons have been freed from heavy work. 


Nevertheless, the amount of manual labor at the enterprises is still great. 
Processes for cleaning out the chambers under the bins of blast furnace 

shops while tending cast iron and slag tap holes are slowly »eing mechanized. 
It is necessary to note the low level of mechanization of : ral operations 
in rolling mills and pipe rolling plants. 


Such a position is explained by the inadequate communication between the 
enterprises and the leading institutes and other scientific research estab- 
lishments of the country. And even the plant automation and mechanization 
laboratories need support and strengthening. At individual enterprises, they 
are even not staffed with qualified cadres. They do not have an adequate ex- 
perimental and industrial base or the necessary equipment and measuring in- 
struments. 


Several newly reconstructed or renovated sites are being put into use when 
work on labor safety procedures has not even been completed. It happens that 
manufacturing processes which have been inadequately refined from the point 
of view of safety are being introduced. Last year, for example, plants for 
production of carbonless ferrochrome were put into operation at the Chelya- 
binsk electrical combine with such omissions. Because of this fact, the at- 
mosphere was polluted in several sectors. 


Our relationship to facts of this kind should be implacable. Complex creative 
brigades consisting of production workers, associates from scientific research 
institutes, higher educational institutions, representatives of scientific- 
technical societies and other organizations could take upon themselves the 
monitoring and equipping of plants with already known means of safety and in- 
dustrial hygiene: enclosing, protective and blocking devices, signaling 
systems, etc. 


Particular attention must be paid to the observation of safety requirements 
when designing new sites. Even before the designing is begun, it is neces- 
sary to evaluate equipment from the point of view of its safety. It is true 
that it is necessary to have an evaluation method to do this. We now have 

at our disposal an industry methodology for evaluating the safety of produc- 
tion techniques, machinery and equipment which is in use. It permits us to 
make a comparative evaluation of variants from the standpoint of labor safety 
procedures and plan a sequence of measures for improving safety. But, in 
order to work out an evaluation method for the manufacturing methods which 
are being designed, no small effort lies before us. Workers of the All-Union 
Scientific Research Institute of Labor Safety Procedures and Accident Preven- 
tion in Ferrous Metallurgy are examining this problem as one of their top 
priorities. 
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Improving labor conditions and labor safety procedures according to plan is 
an object and a goal of our work. A clear-cut problem has been set by the 
Party: to improve the nature of labor, to create the best conditions for 
creative, highly productive activity for each laborer. And this problem 


shall be solved. 
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USSR UDC 621.793 


INVESTIGATION OF PLASMA JET ACTION ON THE STRUCTURE AND PHASE COMPOSITION OF 
COMPOSITE ALUMINUM-CZERAMIC POWDERS 


Kishinev ELEKTRONNAYA OBRABOTKA MATERIALOV in Russian No 3, May/Jun 79 pp 
34-38 


NOVIKOV, N. N., PUSTOTINA, S. R., SOLOV'YEV, B. M. and TIKHONENKO, YE. P., 
Odessa 


[Abstract] Composite powders made of Alj03, ZrQy and WC, coated with alumi- 


num, were produced by vacuum spraying and used to study the effect of plasma 
treatment on the powder properties. During investigation of structure and 
phase composition it was established that the aluminum shell is oxidized to 
form gamma-Al703 when passed through the plasma and, upon melting, forms 


drops. A portion of the drops is held on the surface of the particles owing 
to the occurrence of phase-interaction processes, while the other portion is 
torn from the nucleus by the process of its own weight and gas-dynamic forces. 
Phase changes were particularly noted in the Al-Al 50, and Al-WC systems with 
the latter undergoing a 272 dissolution of the tungsten in aluminum. Aluminum 
losses amounted to 59% as a result of vaporization, oxidation and separation 
from the nucleus. The optimum conditions for spraying are a distance of 150- 
200 mm with an arc current of 380-400 amps using powders containing more than 
10-12% Al by weight. Figures 3; references 3 (Russian). 

[167-6368] 


USSR UDC 620.186.2:669.25°295'297'294 
LIQUATION OF DIFFERENT ELEMENTS IN BINARY ALLOYS BASED ON COBALT 


Moscow METALLOVEDENIYE I TERMICHESKAYA OBRABOTKA METALLOV in Fussian No 6, 
1979 pp 18-19 


MASLENKOV, S. B., GRUZINA, ©. P. and BUROVA, N. N., Central Scientific Re- 
search Institute of Ferrous Metallurgy imeni I. P. Bardin 


[Abstract] The results are given of a study of dendritic liquation of ele- 
ments forming solid substitutional solutions with cobalt in the hypoeutectic 
alloy region, for the purpose of checking the correctness of the theory that 
elements forming basically stable chemical compounds have the greatest ten- 
dency toward liquation. Elements were melted out, employing a pure mixture, 
in a vacuum induction furnace. The content of carbon in the melts studied 
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was not greater than 0.03 percent, and of su!fur and phosphorus, 0.003 percent. 
The alloys were then crystallized under identical conditions in one-kilogram 
crucibles. A macrocrystalline macrostructure was achieved by slow cooling 

and was of the same type for all melts. Specimens for study were selected 

from the axial zone of ingots, where dendritic liquation is maximal. The 
dendritic structure was revealed in alloys containing Ti, Hf, Ta and Mo by 
chemical etching in a reagent consisting of 50 cm? HNO3 + 45 cm3 CH3COO" + 

5 cm H,0. Alloys containing zirconium and aluminum were etched in Vasil'yev's 
reagent, consisting of 50 cm? HCl + 25 cm} H»SO, + 10 cm? CuS04°5 B90 + 15 


cm3 50. Alloys containing iron and nickel were investigated for dendritic 
structure by the autoradiographic method. Liquation inhomogeneity was esti- 
mated quantitatively by means of local micro-x-ray spectroanalysis. Liqua- 
tion of an element was judged from concentration distribution and from the 
results of point analysis. The degree intracrystalline liquation was esti- 
mated from the segregation factor, equal to the ratio of the maximum concen- 
tration of the element to the minimum in the space of a dendritic cell. All 
the alloys studied were divided into four groups as systems: 1) with quite 
limited solubility, 2) with high solubility and a congruent (stable) compound, 
3) with considerably solubility and an incongruent (unstable) compound and 
4) with unrestricted or very high solubility. Tables are given of the chemi- 
cal composition of the alloys and the results of a determination of the de- 
gree of liquation of elements, and of the physicochemical characteristics 

of the systems. Maximum liquation is exhibited by two groups of elements: 
with poor solubility of Hf and Zr, and with high solubility but forming con- 
gruent compounds, with Nb, Ti, Ta and Al. The Hume-Rothery criterion is 
fulfilled in that the atomic radius of elements tending to evidence strongly 
pronounced liquation is considerably different from the atomic radius of co- 
balt. In addition, typical of elements which liquate intensely in cobalt is 
the formation of state diagrams with a steep slope of the f liquidus line. 
The results obtained confirm the theory that chemical interaction is the 
most important physicochemical factor governing a tendency toward liquation 
in the crystallization of transition elements. Figures 1. 








USSF UDC 539.376+548.4 
HIGP-TEMPERATURE CREEP AND DISLOCATION STRUCTURE OF TUNGSTEN MONOCRYSTALS 


Kiev PROBLEMY PROCHNOSTI in Russian No 5, 1979 pp 26-34 manuscript received 
31 Jul 78 


MYSIILYAYEV, M. M., ROMANOV, YU. A., SEN'YOV, O. N., KHODOS, I. I. and 
GLEBOVSKIY, V. G., Chernogolovka, Institute of Solid State Physics 


[Abstract] The title study was carried out at temperatures from 1800 to 
2550°C and deformation rates from 10-® to 107? sec~!. The samples were de- 
formed using strain along a single axis cor . ponding to the crystallographic 
axes <lll>, <OOl>, and <Oll>. Within the 7 idered range of temperatures 
and strains for all three axes, the obtair«d curves of creep in the tungsten 
monocrystals were very similar and were c *; sed of three regions: a non- 
steady state, a stationary phase, and an. elerating phase. During the 
first stage (including the deformation due to heating), the deformation was 
approximately 40%; in the second stage, about 10%; and in the third, 8%. In 
the third (accelerating) stage, necking down of the samples was observed. 
These data were used to develop a mathematical model. The dislocation model 
fits the experimental data on the stationary creep of monocrystals of both 
tungsten and molybdenum and corresponds to known criteria for the constant 
density of dislocations during deformation. Figures 7; references 47: 19 
Western, 28 Russian. 


SSR UDC 669.1°24'25'28:669.017.1 


INVESTIGATION OF ALLOYS OF THE Fe-Ni-Co-Mo SYSTEM WITY A FIX®D 10 WT.% CON- 
TENT OF MOLYBDENUM 


Moscow IAN SSSR. METALLY in Russian No 4, Jul/Aug 1979 pp 211-214 manuscript 
received 3 Feb 78 


PROKOF'YEV, D. I. and KURBATKINA, 0. L., Moscow 


[Abstract] Most martensitically aging steels are based on the Fe-Ni-Co-Mo 
system. Although there exist reports on the phase composition of Fe-Ni-Co- 
Mo alloys, no systematic investigation of their diagram of state has been 
carried out previously. To fill this gap, the quarternary system Fe-Ni-Co- 
Mo with a fixed 10” molybdenum content was investigated with respect to the 
tetrahedral cross section. Sections of forged and annealed 10 x 10 x 30-mm 
rods of these alloys were subjected to microscopic and x-ray structural 
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analysis and measured for microhardness, hardness, and density. The speci- 
mens investigated contained up to 8] wt.% Co and up to 36 wt.% Ni. The 
phase diagram of the system at 1200°C was constructed, showing the boundaries 
of the =-, (=+3)- and 3-regions. The principal part of the concentration 
triangle is occupied by the 3-region, and a small part, by the <-region, 
with a narrow («+3,)-region lying in between. The line of critical concen- 
trations in the alloys was determined: it begins on the side of the cross 
section of the Fe-Ni-Co system with 18% Ni and ends on the side of the cross 
section of the Fe-Co-Mo system with about 65% Co in the alloys, and it deline- 
ates the region of the alloys with martensitic transformation. A correspond- 
ing phase diagram at 800°C was also constructed for the tetrahedral cross 
section of the Fe-Ni-Co-Mo system. It was found to be characterized by the 
presence of the u-phase (Me7Mog¢) in all the heterophase regions, as a struc- 
tural component of the alloy. The positions of the boundaries of the two- 
phase («+u) and (541) regions and of the three-phase («+3_,+:) region were 
determined. The region of the alloys undergoing martensitic transformation 
was found to be of roughly the same extent as at 1200°C. Both after quench- 
ing from 1200°C and after quenching from 800°C the v«ffect of molybdenum on 
the structural patterns of the alloys was perceivable: namely, the forma- 
tion and segregation of the u-phase (Me7Mog) took place, along with some 
widening of the region of the «-phase containing alloys. Figures 4; refer- 
ences 3: 1 Russian, 2 Western. 

[175-1386] 


USSR UDC 669.71°3'849 
INVESTIGATION OF THE Re-Cu-Al SYSTEM 


Moscow IAN SSSR. METALLY in Russian No 4, Jul/Aug 79 pp 199-201 manuscript 
received 15 Feb 78 


PREVARSKIY, A. P., KUZ'MA, YU. B. and ZRADA, M. S., L'vov 


[Abstract] This is the first time an investigation of the Re-Cu-Al system 
has been conducted. It was done by means of x-ray structural and microscopic 
analyses on specimens of pressed powders of Al (99.98%), Cu (99.6%) and Re 
(99.7%) melted in an argon-atmosphere electric arc furnace, and thereupon 
subjected to various types of heat treatment. A phase equilibrium diagrom 

of the Re-Cu-Al system at 600°C was constructed on the basis of x-ray phase 
analysis findings. No solubility of the third component in binary compounds 
could be established. The existence of five ternary compounds was estab- 
lished, with the following approximate compositions: ReCuAlg, ReCuyAl7, 


RezCugAls, RepCu Al, ReCuAl. The compound Re»CuyAl has a tetragonal struc- 
ture of the MooFeB> type (a = 5.716t0.004 A, c = 3.176t0.002 A). The 
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structure of the compound ReCuAlg belongs in the monoclinic syngony system 


(a = $.12+0.02 A, b = §.75+0.03 A, c = 17.44+0.05 A, 2& = 90.3+0.3 A). In- 
vestigation of magnetic properties showed that the compound ~ReCuAlg has a 


metallic type of perweance and belongs among weak Pauli paramagnetics. Fig- 
ures 2; references 6 (Russian). 
(175-1386] 


USSR UDC 621.315.592:546.48'22'23'24 


DETERMINING THE WIDTH OF TFE FORBIDDEN ZONE IN SOLID SOLUTION MONOCRYSTALS 
OF THE CdTs-CdS-CdSe SYSTEM 


Moscow NEORGANICHESKIYE MATERIALY in Russian Vol 15 No 5, 1979 pp 770-774 
manuscript received 18 Apr 78 


RUDENNAYA, L. D., MIZETSKAYA, I. B., MALINKO, V. N., and FIDLISYYY, YE. V., 
Institute of Semiconductors, Academy of Sciences UkrSS® 


[Abstract] The potential of the CdTe-CdS-CdSe system for the production of 
solar transformers and lasers was examined in physical and chemical investi- 
gations to determine the nature of phase transformations in the solid state 
and in the process of crystallization from solutions. Selective etching was 
used to determine the density of dislocations, using two parts FF, three 

parts of a 50” solution of Cr03, and five parts of Hy. The dislocation densi- 


ty of 5-10?--5-102 cm~? shows sufficient perfection of the monocrystals ob- 
tained. Absorption spectra of mechanically polished samples indicated good 
correlation of the absorption coefficient for various thicknesses of the 
crystals. Extrapolation of the Linear segments of the distribution curves 
was used to determine the width of the forbidden zone relative to the zero 
value of the absorption coefficient. The relationship of width to composi- 
tion was nonlinear, but it had a minimum value determined by the relationship 
between CdS and CdSe in the samples, which corresponds to the alpha-phase 
boundary of the solution based on CdTe. Figures 3; references 11: 8 Russian, 
3 Western. 





NSSE UDC 546.72'289.1 


THE DEPENDENCE OF THE DEGREE OF PERFECTION OF FeGey MONOCRYSTALS ON THE RATE 
AND DIRECTION OF DEVELOPMENT 


Moscow NEORGANICHESKIYF MATERIALY in Russian Vol 15 No 5, 1979 pp 744-748 
manuscript received 16 Jan 78 


PAPUSHINA, T. I., FROLOV, A. A. and BACAYEV, V. N., Ural Polytechnical 
Institute 


[Abstract] Monocrystals of FeGey with a definite direction of crystalline 


formation were formed from carbony! iron of 99.98% purity and 99.997 pure 
semiconductor germanium by smelting in an argon atmosphere in an induction 
furnace; then the FeGe> monocrystals were allowed to develop ina 5-107> 
vacuum. Test samples were cut electrically and polished, then electrical 
resistance was measured on a potentiometer, charged particles were studied 
with an electrostatic accelerator, and dislocation pits were revealed by 
chemical etching in a solution of 5 parts HNO3, 3 parts HF, and 3 parts 
CH3COOH with added urotropin. Topographic ¥-rays showed the lack of sub- 
structure disorientation in all the monocrystals studied. No stratification 
could be perceived in the crystals. Results showed that timely addition of 
a balanced chemical additive in sufficient quantities maintained the level 
of additive defect at a high value. The direction of crystal growth is 
described. Figures 3; references 5 (Russian). 


recep UDC 620.193.2 


COMC"RNING THE ANODE BEHAVIOR OF NICKEL, ITS ALLOYS WITH IRON AND TITANIUM 
IN HOT WATER 


Moscow ZASHCHITA METALLOV in Russian Vol 15 No 3, 1979 pp 326-327 manuscript 
received 17 May 1978 


COLIN, YU. L., KARASEVA, G. F., SALAMATOVA, N. A. and SERYKH, S. YU. 


[Abstract] NP-2 nickel, 50N iron-nickel alloy and VT1-0 titanium were tested 
in purified water at a temperature of 90+2° C. The water alkalinity was pH= 
6.4-6.8 with an initial resistance of 106 ohm per cm. When the resistance 
declined to 10° ohm per cm the water was replaced. The electron potential 
was measured by a silver chloride method. Results showed that without anode 
polarization all specimens retained their finish and showed little gain or 
loss in mass, or corrosion, until the e'ectrical potential was increased. 
Then perforations appeared in the nickel and iron-nickel alloy, but the ti- 
tanium retained its durability. Peferences 6 (Russian). 
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USS? UPC 621.73.001 
THE EFFECT OF “YNROSTATIC PRESSURE ON LASTICITY IN LOW-CYCLE METAL FATIGUE 


Sverdlovsk FIZIFA METALLOV I METALLOVEDENIYE in Russian Vol 47 No 4, 1979 
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BOGATOV, A. A., MOLMOGOROV, V. L., MIZHIRITSKIY, O. I. and S"ISHMINTSEV, 

V. F., Institute of Metal Physics, Ural Scientific Center, Academy of Sciences 
USSR 

j|Absctract] Tests were done on an apparatus permitting cyclic distortion of 
specimens at pressures of up to 9 kilobars in a medium of 50% castor oil and 
50% ethylene glycol. The number of cycles prior to failure never surpassed 
15. Steels tested were designated Kh1I8NI1OT, 45, 12¥h1MF, 30KhGSA, 36G2S, 
Shkh15, and 3sp. The latter was tested in samples cut from hot-rolled rods; 
all others were tested from samples of hot-rolled tubing walls cut longitudi- 
nally. The gamma deformation factor prior to failure was found to increase 
with increased pressure, indicating an advantage to processing some articles 
of the metals tested at lower pressures; steels with higher carbon content 
had lower gamma values. Figures 3; references 12: 10 Russian, 2 English. 
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SHPFY7MAN, V. V., ZHOGA, L. V. and VINOGRADOV, O. P., Physico-Technical Insti- 
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[Abstract] The mode! tested was designed to demonstrate that variations in 
the course of relaxation processes were the principal cause of fatigue fail- 
ure in the zinc specimens tested, rather then heat or directional factors. 
Theoretical discussion is presented of cyclical stretching with prolonged 
intervals, the frequency of applications of load, the correlation between 
interval length and the length of the load period, and durability in rela- 
tion to cycle alternation. A formula for calculating minimum durability 

in service is offered as a conclusion, which involves cyclical stretching 
with prolonged relaxation periods. Figures 3; references 11: 9 Russian, 

2 English. 
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